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Abstract 



^ Tbe stO^eCt isvaitioii idates to viruses that are able to rqdicate and iliereby Idll 

3 nec^lasticceUsvathade&ieiif^inthelFN-inediatedaiithr^ 

in treating neoplastic disease including cancer and large tumors. RNA and DNA 
viruses aie useful in this legaid. The invention also relates to methods for the 
selection, design, pudfication and use of socb viruses for cancer theiapy . 
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TREATMENT OF NEOPLASMS WITH VBRDSES 
Field of the lavcntim 

^ This is a divisional of AU 42469/00, the cndrc oontents of wKchaie incoiporaled 

beitiii by icfiacnoe. 

S The satgect inventtoii relates to viruses that ara ahle tn replied ix\ mi rmisr thf^ 

dealh of neoplastic cells with a deficiency in the izxtel£a:on(IF^Q-med^ated antiviial 
^ response. RNA and DNA viruses are useful in this regard. The invention also lebtes to 

r^-i the use of these viruses for the treatment of neopIasfiQ diseases induding cancer and 

laisc tumors. 

^ 1^ Bachsrotmdoftiielavmfion 

O Neoplastic disease which includes cancer is one of the leading causes of death 

^ among human beings. There are over 1.3 million new cases of cancwdia^ose in the 

United States each year and 550,000 deaths. Detecting cancer early, before it has 
spread to secondary sites in the body, greatly increases a hosts chances of survival. 
1 5 However, early detection of cancer is not always possible, and even when it is, 

treatments are tmsatis&ctory, especially in cases of highly malignant cancers. Cancer 
treaimentSp indudiiig chemotherapy and xadzotion, are much less efiTective in later 
stages, especially when neoplastic growflis are lar^ and/or o(»istitu^ 
burden. (See Hillard Stanley, Cancer Treat. Reports. VoL 61. No.l, Janffeb 1977. p, 
20 29-36, Tannodc Cancer Research. 42,4921-4926. Dec, 1982). 

Tumor regression associated with wqwsure to various viruses has been r^rted 
Most of the viruses described are pathogenic in humans» and include mumps and 
measles. The effect of other specific viruses on particular types of cancer cells has also 
been described. Smith et al. (1956) Cangs. 9,1211 (effect of adenovirus on cervix 
25 carcinoma); Holtaepfel et al. (1957) Cancer. 10.557 (effect of adenovirus on epi&elial 
tumox); Taylor et al. (1970) J, Natl. Cancer Imf ^4,515 (effect of bovine entcroviru»-l 
onsarcoma-l); Shinguct al. f 199n J General Viioloffv. 72,2031 (effect of bovine 
entexovirus MZ-468 on F-647, a leukemia cells); Suskind ct al, (1 957) PSEBM, 94,309 
(effect of coxsackic B3 virus on HeLa tumor cells); Rnkavishnikova et al. (1976) Acti 
30 3^., 20387 (effect ofinfluenza A strain on ascites tumor). 

The earliest references described partial tumor regression in patients treated vwth 
live attenuated viral vaccine with the aim to vaccinate them against smallpox or rabies. 
SfiS DePace. N. G. (1912) Ginecoloaiii. 9,82-88; Sahnon, P. & Baix (1 922) ComuL 
feaid, Soc. $i9l^ 86.819-820. Partial regression of tum<as and regression of Icukcmias 
35 have also been 
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noted during natuially occurring measles infecdons. See Pasquiaucd, G« (1971) IffllWlr 1> 
136; Gross, S. (WDUncg, 1, 397-398; Blumhig, and Zleglcr, Ji. a97D LanceL 2> 
IQ5-106. In one study of 90 cancer patients intentionally infected with live mumpt vims. 
pmti&I tumor regression was noted in 79 cases. S& Asada (1994) Cancer. 34, 1907-1928. 
While the side effects of these viruses weie tempoiary, serious sequela of infecdon with these 
human pathogens is of major concern. 

* i4i lie 

Vinises axe categorized as follows [see Muiphy A and Kingsbury D 1990^ In: 
VirolQgv. 2*^ Edition (Ed. Heids, B J*.), Raven Press^ New York, pp 9-35J: 



Dividing Characteristics 



Virus Family Names 



RNA viruses 
ss' RNA, posidve-sense, 
IS nonsegmented, 
nonenveloped, 
ssRNA, positive-sense, 
nonsegmented* 
enveloped, 
20 ssRNA, ncgadve-scnsc, 
nonsegmented, 
enveloped. 
ssRNA, negadve-sensct 
segmented, enveloped 
25 ssRNA. ambisense, 

segmented, enveloped 
d$*RNA, positive-Benae 
Segmented, 
nonenvcloped 
¥> ssRNA^DNAstepio 

rBpUcadonr positive- 
sense, nonsegmented, 
enveloped 



Picoma^iridae^ Caldviridae 



Togaviridae, FlavMridoB, 

Rhabdoviridaey Fitoviridae, 
Paramyxovifidat 

OrOtomyxoyiridae 

Bunyaviridae, Arniavindde 

Reayiridae, Bimaytidae 



Retroviridae 
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DNA viru$e3 

ss/daDNA, nonenveloped Hepadnaviridae 

s&DNA, nonenveloped Parv&viridae 

dsDNA, nonenveloped Papa^aviridae. Adenoviridae 

d$DNA» enveloped Herpesviridae, PoxiMdae, 



as 

O '$8^ angle stranded 

O ^dssdouble-soanded 



Irfdavtrtdae 



o 

O fitcluded among the family Heipesvindae (or Heipesvimses), m the suUamilies 

AJphaheipesviius (indnding Genus Varicellavirus and Genus Simpexvinis). Bemherpesviius, 
and GammaheTpe&virus. 

Newcastle disease vims ("NDV) is a member of the Paramyxoviridae (or 
15 Paramyxoviruses), The nattsal hosts for NDV aie chickens and other birds. NDV typically 
binds to certain molecules on the surface of animal host cells, fuses wldi the cell surface, and 
injects its genedc material into the host NDV is a cytocidal vims* Once inside the cell, the 
viral genes direct the host cell to malce copies of the virus leading to death of the host cell 
releasing the copies of NDV which infect oihcr cells. Unlike some viruses, NDV is not 
20 icnown to cause any serious human disease. Unlike other kinds of vinisea (e,g., HTLV-i, 
Hepatilis B), Paramyxovinises are not known to be carcinogenic. 

Temporary regcesston of tumors has been reported in a small number of patients exposed to 
NDV. Csaiary. UL (197 1 ) LanccL 2, 825. Csatary noted the legiession of a 
gastrointestinal cancer In a chicken farnier during an epidemic of Newcastle cSsease in his 
25 chickens. In a similar aiieedotal report; Cassel, WA. and Ganctt. R£. (1965) Cancer. 18, 
863-868, noted iegn»sion of primary cervical cancer, whfch had spread to Ac lymph nodes, 
in a patient following injection of NDV into the cervical tumor. Since die n^KimiOTti of 
tumoiictdal activity was thought to be immunolo^c, no work was caizied out to address 
direct rumor cytotoxicity of die vims. Instead, efforts focused upon the immuno-modolating 
30 effects of NDV, ggg. for exampk:. Murray, Cassel, WA^ Torbin. A.H., OlkowaW, 
Z:U & Moore, (1977) Canca 40. «80; CaBsel, W^., Murray. D.R., & Phillips RS. 
(1983) CiBja. 52, 856; Bohle, W., Schl4«, PJ., liebiich, W,. Hohcnbcrger. P^ Manasterski, 
NL, Miller, P., and Schirrmacher, V. (1990) Cano^, 66, 1517-1523. 
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^ The selection at a specific viius for nimor regression was based on seiendlpiKy or trial and 

^ eiror in the above citationa. Only lecoidy, have taiional^ niechaniani4nsed approaches for 

^ vinifiiise in cancer bfeatment been developed using DNAyiiuses, Exampleaof this type of 

Q approach arc found in ihc development of rcconabinant adenoviral vectors that replicate only 

5 in tumors of specific tissue origin (Rodriguez. R. et al, 1997 Cancer Res.. 57:2559-2563), or 

thost that lack certain key regulatory proteins CBisdioff, JR, et al, 1996 Science 274:373- 

376). Another recent approach has been the use of a replicatioo-irtcompetent recombinant 

2 adenoviral vector to leatore a critical protein function lost in some vamor cells (Zhang, WW, 

^ St aL 1994 Cancer gene therapy. 1.-5-13). Rnally, herpt^ siniplBX virua has aho been 

^ 0 engineeied to tepHcate prefmndally in the rapidly dividing cells that characteiize tumocs 

p (Mlneta^ T., et al, 1994 Cancer Res.. 54:3963-3966). 

Cn 

U.S. Applicadon Ser. Ko. OS/260,536, hereby ineoiporated by refbence in iis endiety, 
cfiscloscs the use of NDV or other Pazamyxovirvs in the treatment of cancer. 

S Vtoi IFN transgeng expresgion 

One common approach to the Creatnmr of cancer with viral therapeutics Has been the use 
of virus vectors for the delivery of certain genes to the tumor mass. 

Recombinant adenovirus, adenonaasoeiated vinia» vacciida virus and ictroviruses have all 
been modified to express an Interferon gene alone or in combinadon with other eycokiiie 



In Zhang et al. ((1996) Proc. Na^|, fi^c^ Sd., USA 93:45 13-4518). a recombinant 
adenovirus expressing a human interferon consensus Ci.c., synthetic) gene was used lo neat 
human breast cancer (and other) xenografts in nude mice. The authors concluded "...a 
combination of viral oncolysis widi a vims of low pathogenicity, itself resistam to the effecis 
of im and im gene therapy, might be a fhiitfd a^woadi to ^ 

different tumors, in particular breast cancer." bi contrast to subject invention which relates to 
interferon-sensitive vmiaes, Zhang et al. (1996) teach the use of an intcrfcron-reaiftant 
Bdcnovinis in the tieatmem of tumors. 

In Zhang et al. ((1996) Cancer Gene Tl|ftr.. 3i3l-38). adeno^sociated viius (AAV) 
expressing consensus IFN was used to transduce human tmn^ ceUs in viiro followed by 
injection into nude mice. The uansduced tomws eidier did not form nimora or grew slower 
than the non-transduced controls. Alai, injection of one transduced human tumor ceU into 
the tumor mass of another, non-transduced tumor resulted in a small decjfsasc in size. 
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^ In Pteplinski ct ol. ((1996) An^gpy^ Qpcpl,, 3:15.23X IFN gamma (and other cytokines. 

^ expre&sed either alone, or in combmadon) were tested in a mouae breast cancer model. Mice 

^ were immunized with nimor cells vitally modified with recombinant vaccinia viius. When 

Q re-challenged with tumor cells» tho mice immumzed with vixally xnodilied cells had statiaticai 

^ 5 improvement in the discase-fice survival time. 

Gastl, et al. ((1992) Cancer Res. . 52:6229-6236), used IFN gamma-cxpresang retroviral 
vectors to transduce renal caidnoma ceils in vino. These cells woe shown to produce hij^ier 
2 amounts of a number of proteins important for the function of the immune system. 

O Rfistifo et al. ((1992) J.gxp,MaL> 175:1423-1431), used IFN gamma-expressing 

g 10 letrovira] vector to traisduca a murine sarcoma cell line allowing ihe cumor cell line to more 
O efficiently present viral antigens to CD84 T cells. 

Howard, et aL ((1994) Ann. NY Acad. Sci.. 716:167.187), used IFN gamma-expiessing 
lecrovtra] vector to ttansducc murine and human melanoma tumor cells. These cells were 
observed to increase the expression of proteins impoftanc to immuna function. These cells 
15 were also less tumodgenic in mice as compared to the non^ransduced parent line, and 
resulted in activation of a tumor-Specific CTL response in vivo. 

Use of Thgrapeuttc Doses of Interferon an Adlmratit to Viral Cancar Therattv 
Because of the known Iramunc-enhancing propenies of IFN» several studies have 
20 examined die use of IFN protein in combination with odi^- vjial cancer vaccine dierepies. 

In Kirchner ct al. ((1995) World LUtdL 13:171-173), 208 patients were immunized with 
autologous, NDV-modified, and lethally inadiatcd renal^ccll carcinoma tumor cells, and were 
co-lreaicd with low dose IL-2 or IFN alpha. The authors stated that this treatment regime 
resuitt in an in^vranent over the natural course in patients widi locally-advanced renal-oall 
25 canrinoma. The dose was approximately 33 x !<)' to 2^ j( lO'PFU/kg. litis wasaloeal 

therapy, as opposed to a systemic approach, witfi die gpal of inducing an anil-tumor Immune 
response. 

Tanaka ct al. ((1994) h Immunother. Emnhasis Tu mor fmrnimoL. 16:283-293). co- 
adnunistercd !EN alpha with a recombinant vaccinia virus as a cancer vacdne dicn^y model 
30 inmicc This study showed a statistical inqrovemcm hi sur^vaWKt^ 

as compared to diose thai did not. The authors amibuted efficacy of IFN to the induction of 
CDS-posidve T cells in those animals. 
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O Anuyo ei al. ((1990) Cancer ImmonoL rrpTntTn-^t^,^ . ^i-'^n^-''in used a mouse model of 

^ colon cancer to test the effect of JFN alpha and^or IL-2 eo^iherapy on the efficacy of a 

^ vBocima viw colon oncolysate (VCO) cancer treatment. They found that the triple treatment 

^ of V004IL-2+IFN was most cfQcacious in this murine mode). This approach leliefi oh 

r— » 5 iimminization as the mechanism of anti-tumor activity. 

IFN was used in these studies to augment the ability of the cancer cells to be recognized 
^ by the immune system. 

O 

O OhiertBoftlnIii^iinftiin 

XT) 10 It is an object of the invention to pmvide viruses for the txeatment of diseases including 

^ cancer. 

^ It IS a f unher object of the invention to provide viniscs for the treatment of neoplastic 

diseases inclucfing cancer. 

It is a further object of the invention lo provide a means by which candidate Anises am 
15 scleacd and/or screened for use in the therapy of neoplastic diseases. 

It is a further object of the in vcnaon to provide guidance in the genetic engineering of 
viruses in order to enhance their therapeutic utility in the ireatmeni of neopUsric diseases. 

It is a further object of this invention to provide a means with which n> screen pottaitial 
target cells for viral therapy with the goal of assessing the scnsiti viiy of the candidate target 
10 cells to viral Idlling. 

It is a still further object of this invention to provide guidance in the management of viral 
therapy. 

& is an object of the invention to provide a method for treating large tumors. 

It is a further object of the invention to provide purified vinis and methods for inning 

IS 



Summary of the Invfti^K^nn 
This invendon relates to a method of infecting a neoplasm in a mammal widi a virus 
comprising administering an interfenrwsensitive. replication^ompetent clonal virus, selected 
from die group consisting of RNA viruses and the DNA virus families of Adenovirus. 
Parvoviitis. Papovavlrus, Iridovirus, and Hcrpesvinis, to the mammal. 
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O This invenuon also lelates to a method of infecting a neoplam in a manunal with b virus 

^ camprising systeinically administering an mterfciDMenaitivc, lepUcatioo-competeac doo&i 

^ vfnis 10 the mammal. 

^ This invention also relates to amethod of Eitadng a neoplasm including cancer in a 

r-4 3 WMnanal comprising adndnistcring to the mammal a thcra^ 

incerferon-scnsitive, feplication-compecent* clonal vims selected from iho group consisdng of 
ON RNA viiuses, and the DMA rtnw families of Adenovirus, Itevovinis, P^»vaviiu$, 

O Lridovirus, and Heq)e&vinis. 

O This invention also reJalcs to a method of tnftciing a neoplasm in a »wBmmn] with a vims 

1^ 0 comprising administering an inteiferon-sensidve, leplication-competenx clonal vaccinia vinis, 
^ having one or more mutations in one or more viral genes hivolved widi blocking inteifeion*$ 

^ antiviral activity selected from the gnxip of genes consisting of K3L» E3L and B18R, to the 

mammal. 

The invention also i^lates to a method of treating a neoplasm including cancer in a 
3 nummal administering to the mammal a therapeuttcally effective amount of an interferon- 
sensidve, leplications^ompeient vaccinia virus having one or more mulations in one or more 
viraJ genes involved with bloclring interferon's antiviral activity selected from the group of 
genes consisting of K3L» E3L and B I8R. 

The invention also relates to a method of infecting a neoplasm at least 1 cm in size with a 
0 virus in a mammal comprising administering a clonal vims, selected from the group 

consisting of (1 ) RNA viruKs; (2) Hepadenavirus; (3) Parvovitus; (4) Papovavirus; (5) 
Heipesvims; (6) Poxvirus; and (7) iridovinis. to the mammal. 

The invention also rolates to a method of tieadng a neoplasm in a mammal, comprising 
admznxstering to the mammal a therapeutically ^active aimunt of a clonal virus, selected 
S from the group consisting of (1) RNA viruses; (2) (fepadenavinis; (3) Paivoviius; (4) 

Papo vaviius; (5) Heqiesvims; (6) Poxvirus; and (7) Wdovinis, wherein flie neoplasm is at 
least 1 centimeter in size. 

The mvention also relates to a method of treating a mmor in a mammal, comprising 
administering to the maminal a therapeutically cffiecd ve amount of an RNA virus cytocidal to 
0 the tumor, wherein the mammal has a tumor burden con^sing at least L5% of the total 
body weighL 

The invention also relates to a method of screening tumor ceDs or tissue freshly lemoved 
ftom the patient to determine the sensitivity of the cells w dssue to kflling by a virus 
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O comprising subjecting the ceUs or tissue to a diffecendai cytotoxicity Assay using an 

^ intBrferon-sensidve vims. 



c3 



0^ 



The invention also relate* to a method for Idcadfying a vims with ammeoplastic acliviiy 
in a mammal comprising a) using the test vims to Infect i) cells deficient in iFN-mediated 
antiviral acti viQr, and ii) cells competent in IFN-mc^aicd antiviral activity, and b) 
dctennining whether the test virus Idlls the cells deficient in IFN-mediated aniivital activity 
preferentially to the cdls competent in inteifenm-mecflated antiviral activity. 
O The invendoQ also relates to a mediod of making viruses ftw use in andneoplastic therapy 

O oompriang: a) modliyiog an cxisdng virus by diminishing or abladng a viral mechanism for 

g 0 die inactivation of die andvinal effects of IFN. and optionaDy b) citating an anenuadng 
(3 mutation that results in lower virulence dian said existing viras* 

The invention also relates to a method of contioiling viral leplicadon in a mammal 
tfcated with a vims selected from die group consisting of RNA vinises, Adeno\iruses, 
Poxviruses. Mdoviruses. Parvoviruses, Hepadnaviruses« Varicellavimses, Betaherpesviiuses, 
and Gammnheqiesviruses comprising administering an antiviral cooipound. 

The invention also ndates to a mediod of screening omior cells, tumor tissue, or tissue 
sections to detcnnine which tumor cells or tissue allow a vims to bind comprising sntgecdng 
the cells, tissues, or tissue sections to an immunoassay or immunostain for the amount of 
vims receptor prnsenl on die tumor cells or tumor tissue. 

The invention also telates to a mediod of infecting a neoplasm in a mammal widi a vims 
comprising systemically administering a desensitizing dose of on inierfcron-sensiti ve, 
replication-competent clonal vims to the mammal before administering at least one 
subsequent higher dose of a viras. 

The invention also relates to a mediod of infecting a nei^Iesm m a mammal widi a virus 
comprising adxmnislcring an intcrfemn-sensttive, replication-competent clonal vims to die 
mammal overa couiseof at least 4 minutes. 

This invendon also relates co a mediod of infecting a neoplasm in a mammal widi a vims 
awiprising administering a leplication-competem clonal virus sdeded faan die giciq) 
consisting of die Newcasde disease vims strain MKlO?, Newcastie disease virus strain NI 
Roakin, Sindbis vima, and Vesicular stomatitis virus. 
Included In die invendon arc: 

i) a clonal Paramyxovirus purified by uitracenirifogation widiout pelleting; 

ii) a clonal Paramyxovirus purified to a level of at least 2 x 1 0* PFU per mg of protein; 
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m) a clonal Paramyxovlnis purified to & level of at least I x lO'^ PFU per mg of 
^ piotein; 



ON 



i V) A clonal Pararayxovims purified to a level of at least 6 x lo'* PFU per mg of 
pnileiD; 

V) a clonal RNAvinifi purified to a kvcio/ at least 2 X 10* PFU per rag 0^ 

vi) a clonal RNA virus purified to a level of at least 1 x 10^® PFU permg of protein; 

vii) a clonal RNA vinis purified to a level of at least 6 X 10*^ PFU permg of protein; 
2 viii) a clonal cytoddal pNA vims which ts interieron-scnritive and purified to a level 
^ of at least 2 x lO^PFU/mg protein; 

go ix) a repHcaiion<omperc5nt vaccinia vims bavins a) one or more mutations in one or 

O more of the K3L, E3L and B18R genes, and b) an attenuating mmation in one or mom 

of the genes enco^g thymidine Unasc, ilbonucleotide leductasev vaccinJa growth 

factor, thymidylatc kinase* DNA Hgase. dUTPasc; 

x) a leplicaiion-competenc vaccinia vims having one or more mutations in two or mote 
5 i^es selected from die group consisting of B3l^ and B18R; 

xl) a Herpesvirus having a modlficadoii in the expres^on of die (2'-50A analog causing 

the Herpesvirus to have increased interferon sensidvity; and 

xii) a Reovirus having an anenuadng mutation at omega 3 cauting said vims to 

become inTerferon-senshive. 
0 Kiii) a replication competent cytoddal vims which is inioferon sensitive and purified 

lo a level of at least 2 x lO' PFU/mg twotein. 

xi v) a reovirus purified to a level of at least 2 x lo' 7FU/mg protein. 
Also included in die mveniicm are the fbUowing methods: 

i> a method of purifying an RNA virus comprising the steps of a) generating a clonal 
5 virus; and b) purifying said clonal vims by ultracentrifugadon without j^lleting; ore) 

purifying said clonal virus by tangential flow filiralion vkith or wilhout subsequent gel 

penneation chromatography, and 

ii) a method of puiifying a Paramyxovirus comprising purifying die virus by 
ulriacentrifugacionwithow pelleting, or by tangential flow with or without 

0 subsequent gel permeation chromatography, 

TOe mvention also rdaies to a rnedKxi of treatiiig a disease in a manm^ 
diseased ceUs have defects in an intBrfcron-rocdiatcd amivinil cespoose, comprising 
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O admimnenng to the mammal & therapeutically cffecdvc amount of an intcrfbron-scnfiiti ve, 

^ repiicadon-coinpeteni, clonal vinis. 

The invention also idates to a method of infecting a neoplasm in a mammal with a vims 
^ comprising administering an intetfaon-reaponsivc, rcpHcaHon-compctent clonal RNA virus 

^ ) to the mammal. 

The invendon a method of trBati^g a disease of viral etiology in a mammal com(8i5ing 
On adnrimsiering to the mammal a therapeutically effective anaount of a replicstion-convecent 

O clonal vims. 

Q The invention also relates to a medKXi of infeetmg a neoplasm in a mammal comprising 

^ ) administering a ^rus selected fkoro the group of families consisting of Paramyxoviridae. 
O Orthomyxoviridae. Rhabdovtridae. Togaviridae, Flaviviridae, Picomaviridae. Cdnmaviridae, 

Reoviridae* Poxviridae, Hcipcsviridac, and Parvoviridae. 

The invention also relates to q method of treating tumor ascites comprising administering 
an imerferon-scnsirive, lepiicadcm-competent clonal vlnjs. 
J The invention also relates to a method of reducing pain in a mammal comprising 

administering an Intcrfcron-sensitive, replication competent clonal virus. 

The invention also relates to a method of treating a neoplasm in a mammal comprising 
subjecting a sample from said mammal to an immunoassay to deiecc the amount of vims 
iBcqiior present, and if the receptor is present, administering an interieron^ensliJve. 
D reph'cation competent clonal vinis, which bind the receptor, to the mammal. 

Brief DcscrintiftH of the Drawing 
Hguze 1 shows the effect of anti-interferon-beta antibody on viial antigen ^pmssion and 
infectious titer in ND9EK (nonnal human epithelial keratinocytes) cells. 
5 Figure 2 shows the effect of interfbon-beta on viral antigen expfession in different cells 

(noimal human skin fibroblasts CCD922-sk and two types of bead and necdc carcinoma cells 
(KBandH^cens). 

Hgure 3A shows the effect of interferon on viral antigen expression in CCD922-sk cells, 
and Figure 3B shows the effect of interferon on viral antigen expression in KB cells. 
0 Rgure 4 shows the survival curves for athymic mice bearing human ovarian ES-2 ttunms 

and Heated with either aafine or NDV. 

Figure 5 shows the imcrfergn responsiveness of a number of human mmor and normal 
oellhnes. 
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0 Figure 6 shows the dcwc icspomc of the SW620 nimflr ceH line to infection with 
^ PPMK107 and PPSINDBIS-Ar339. 

1 . . * • • 

^ Bctollfid Degcriptlon of the liivantion 

^5 Hic iBtesent invention cdaie$ to the discovery of a novel mcchantsm by which viral 

leplicatian selectively kills neoplastic cells deficient in an interferon (IFN)-mcdiated anii- 
viral response. This invention also provides methods for selection, design, purification, and 
O use of vinises for the trearment of tieoplastic diseases including cancer and large tumors. The 

O vinises of fhe invention selecdvely replicate hi and Mil neoplastic eelte based on the selepiive 

ir^ 0 defleiency in these ceUs of an IFN-mediatod and-vhal response. Administradon of die 
(3 appropriate dosage of viitis results in neoplastic cell deatii, whereas norxna! cells, which 

^ possess an intact IFN-medlaied anti-viral response, rimii the replication of die virus and are 

not killed. Included in die subject of the invention is die use of paiamymvixuses such as 
NDV, and odier viruses, for use in die irea&ncm of (fiseases including neoplastic disease such 
5 as cancer . The invention also teaches screening and engineering of other viruses suitable for 
use as therapeutics of neoplastic diseases. Anodier emboditnem of die invention Involves a 
method of identifying tumor tissues that are candidates for viral dierspy. Finally, die 
invention also describes the pieparatlon of highly purified vinis. 

0 Rationale for the use of interfemn^Bnsitive viruses inchidlng NDV to treat neoplastic 



NDV demonstrates sekctivo killi&g of tumor celb. 

Newcastle cSsease virus causes selective cytotoxic effecu against many human mmor 
cells witii markedly less effects on most nonnal human cells. In a differential cytotoxicity 
assay, human cancer cdls derived from renal carexnomas, pancreatic cardnoma, saicomas. 
melanomas, breast carelnomas, ovarian caxanomas. bladder carctnoraas, colon careinoma, 
prostate caictnoma« small cell and non-small cell lung carcinomas, and glioblastomas were 
discovered to be approximately 3 to 4 orders of tnagnitode more sensitive to NDV dian many 
normal human cells (renal epidielial cells, fibroblasts, keratinocytes. melanocytes, and 
endotficlial cells (see Exanq>le 1)J. The diffcrentjal cytotoxicity assay can also bo appMed to 
fresh isolates from the patient's cells or tumor tissue. 

An in vitro assay is used to define die (umoricidal activity of NDV as described m 
Examplcl, TTic assay measures ihe amount of virus required to kill 50% of the tested cell 
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^ culture in a five day time period Examples 2 and 3 show the results of in vivo axpadinents 

^ in which vims was admiiusceml cd athymic mice besring human tumor xenografts fay either 

^ the intistumoral (Example 2) or xntrnvenous (Ejiaizipl& 3) route. Theseiesolts <fp™nfttr3it» 

^ that NDV can cause regression of a vadety of human tumor 

2 ibr the lasting of potential cbemotheiEapendeagBaB. 

Evidence thai NDV is specifically nplicaiing within Oie tumor was demonstrated by 
Q\ immunohistochenucal auuning for vijus andgcn (Example 2). Within 30 nnnutes of 

^ intratumoial virus injection, the tumor tissue was negative for viral antigpn* However, by day 

^ 2 post treacmeat, intKise immunostaimng for viral antigen waa seen within the tumor, 

^ indicating vims replication within the tumor. Importantly, vims naplicftdoii was specific for 

O the nimor dssue shice die neighboring connecdve tissue and skin were negative for viral 

CN antigen. 

Importantly, efficient rcplicaa'on of NDV is cnidal for the ability of the virus to kill 

infected ceils, as demonstrated in studies using UV-inactivated non-clona) virus (Lurence, R., 

ti al, 1994. J. Natl. Cancer Inat.. 86: 1228-12331 

NDV can also cause regression of large tumors after intretumoFal and intravenous 

edministnition (Examples 4 ditough 9). InuaiumoTal NDV treatment of large intradermal 

A37S human melanoma xenografts ^10 mm in maximal dimension: tumor voltmie of ^300 

mm^inaihymic mioeleadtohi^Tate5oftuinori^iESSion{Exariiples4throu^8). 
> Intravenous NDV treatment of large subcatimeous HTl 080 human flbiosaicoma xenografts 
(>20 nun in maximal dimension) m athymic mice lead to complete or partial tumor 
regression in five out of six mice (Example 9). 

The class I interferon fiamfly of cytokines are Important negative modiilatora of viral 
i infection. 

The class I interferons consist of the IFNo, found primarily in cells of hematopoietic 
origin/and IFN^ found primarily in fibroblasu and epitbeSal cells. [Jokiik, W JC. 1990, 
Interferons, pp 383-410. Vlrologv- second edition, edited by BK. Fields, D,M. Knipe et al. 
Raven Press Ld. New York; and Sreevaban, T. 1995. Biological Therapy with Interfcron-o 
) and fk Preclinical Studies, pp 347-364. Bioiopc Theranv of Cancer , second edition, ecSted 
by V.T. DcVlia, Jr^ S. Helhnan, and S-A, Rosenberg. J^. Uppincott Company, 
Philadeiphia.] Both types of IFN function through an apparendy common mechanism of 
acdon that includes the degradaiion of double-snanded RNA intermediates of viral 
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Q replication, and the inWbitiOD of cellular crandaiion through the activity of a pnnaa kinase 

^ activatedby dooble-sttanded RNA (Joklik, WJC 1990. Inxtdm^. pp 383^10. Yirolottv . 

^ Second EdtUon, edited by B J^. Helds. DM. Knipe et al.. Ravm Press Ltd. New York; and 

g icAreoccs tbooD). Seveial viruses Oufluenza. EBV. SV40, adenovirus, vaccinia) have 

^ 5 evolved mechanisms by wliidi me or more padiways of the UN aystem are inactivated, thus 
allowing the cfScient lepltcadon of the vims CKatze, M.a 1995. Trends in Microbiol. 3:75- 

o 

Q A wide variety of tumor cella are deSdent in the abDity to nmtt viral inftetioo through 

an IFN-dependent loediaiiiani. 

O Human cervical carcinoma cells (HeLa) were over ihree^undred-fold les$ sensidve to die 

CNj inhibition of vesicular stomatilis vims replication following pre-«atin«it widi IFN than a 

non-iransfonncd fibroblast control ceU line (Maheshwari R,K,, 1983. Biochcm, Bioirfiys. 
Res. Comm. 17: 161-168). The subject Inventus have discovered that infection of a co- 
15 culture of tomoiigenlc human head and neck carcinoma celk (KB) and nonnal human skin 
fibroblast cells (OCD922-5k) results in viral replication initially in both cell types, followed 
by a Hmiiing of the infecdon in the noimal cells versus condnued replication and killing of 
the tumor cells (Example 10). Moreover, although IFN was being sented by the normal 
cells inta the culuire medium, the nrnior eells wbib unable to respond to the IFN st the 
concentrations being produced to establish an and viral state. Ftaher evidence for die role of 
IFN in die differentiai sensitivity of tumor cells versus nonnal cells to killing by NDV was 
obtained in two separate experiments in which noimal f!bn:^last cells (CCD922-8k) ot 
normal eptdicltal keratinocyte cells (NHEK) were shown to become more sensidve u> 
infection widi NDV In the presence of neutralizing andbody to lEN CExamples 1 1 and 12). 
Finally, parallel infecdon of normal SbroWasis (CCD922-sk) and human tumor cells (KB) in 
the presence of IFN revealed that die nonnal cells were at least 100-fold more sensitive to the 
antiviral effects of added IFN dian were die tumw cells (Examples 13 and 14). Similar 
tesdngof variety tumor cell Imes (total ofp) revealed a clear conelalion in the relative 
sensitivity of e cell line to kilting by NDV and an inability of die cell line to manifest an 
K) inteiferon-mediated andviral response (Example 26). 



10 
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O Interfferon and Cefl Growth 

^ Thro are scvoal spedes of intBrferon OFN) includiiig natural and lecomtlnani fonns of 

^ OrlPN. p^DFN, ffi-IFN. and i^IFN as weD as synthetic consensus f onus (e.g., as dwcribcd in 

g Zhang et al. (1996) Cancer Gene Therapy. 3:31-38). In addition to the anti-viial activities 

^5 that lead to its discovery, IFN is now known lo play an ixiqKartanc role in the nonnal 

xcgMlation of ccU growth and differeatiadon. IPN is viewed as a negative growth regulator 
ON and several key protdns involved fai the Junction and itgulation of ffN actlviQr have been 

O shown to act as tumor-suppresser protebs in normal celU (Tanaka et al, 1994 ^ 77:829^ 

Q 839). Moteover. sevcid other proteins known to ant^onize the anti-viral acd^^ 

^ 0 have been shown lo have oncogenic potential when expressed inappropriate 
O Baiber, ON, 1994. Ptoc. Natl. A^^ ^lyf ^ oi >Ay»L^^po) CcDa derived from a number 

of human cancer? have been shown to be deleted in the genes encoding IFN (James, CD, et 
al, 1991, Cflfft^r Res,, 51:1684^1688), and partial or complete loss of IFN function has been 
observed in human cervical caicxnoijia (Petricoin, E, et al, 1994 MoL Cell. Bio . 14:1477- 
5 I486), chronic lymphocytic leukemia (Xu, B., et al, 1994, Blood . 84:1942-1949). and 
malignant melanoma cells, (Ungc, Q, et al, 1995. Cancer Res- 55:4099-4104). 

The IFN-induciblc proieiii kinase (p68. PKR) has been shown to be an important 
regulatorof cellular and viral protein synthesis. A correlation has emerged (hat Unks the 
expression w activity of the p68 kinase to the cellular state of differootiation. Thus, poorly 
0 dilTerentiated cells, such as diose occurring in many cancers, are deffcient in p68 function 
(Haines, aiC, ci al. 1993 Vircfaows Aich B Ci^ll i^ti^rj^ 63:289-95). Cells that lack p68 
activity are genemlly sensitive to vimi mediated lolling because die p68 kinase is an 
impoitam effector of the IFN-inducible antiviral stale. The antiviral acQvlcyofp68 can be 
antagonized through a direct interaction with a cdlular protein identified as p58. When 
5 cloned and ovcrexpiessed in NIH3T3 ceUs» p58 causes the cells to ^bit a tiansfbnned 
phenotype and anchorage-independent growth (Barber GN et a!., 1994 Proc Natl Acad Sci 
USA 91 :4278-4282), and a number of human leukemia cell lines have been shown lo 
oveicxpress the p58 protdn (Korth MJ. et al., 1996 Gene 170:181-188), The activity of p68 
kinase can also be antagonized by the Ras protem. Cells that express mutant, activated forms 
0 of Ras have been shown to be defective in the activation of p68 kinase by double-stranded 
RNA (Mondrfiau, LJ^ and Faller, D.V„ 1992, J. Biol, Chcm., 267:23092-23098). 
Sensitivity to viral killing In undifferentiated cdU can be reversed through the induction of a 
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O more diffcrenuatcd phenotypc (Kalvakolanu. DVR and Sen, O.C, 1993 P j net ]fi%r} fi^^^A ^ 

USA 90:3167-3171), 



U4 



41 m 



^ Peflnitfottj 

^ ^ Cdh comOTtent in an tnterferoii-mediatoi an t iviral lee&iptms^ Ak u^^ hj^r^in th^ 

"cells competent in iin interfeion-niediated anti^l response'' are ocDs which respond to low 
On levels (e.g., 10 imks per ml) of expgeoous interfeton by sjgnificantly teducing (at least 10- 

O fold, more advantaseously at least 100-fold» more advantageoudy at least 1000-fold, and 

O inost advantageously at least .10,000-fold} the leplicatioa of an iatei^n-^ensiii ve virus as 

^ 0 compared to in the absence of intcfferon. The degree of vlius replication is detennined by 
^ measufing the amount of vims (e.fr. infectious vims, viral antigen, viral nucleic add). 

CCD922 normal fibroblasts are cells competent in an interferm-mediazed antiviral response. 

Cells deficient in an IniMferon-mediatfed antlvirat resnonafe . As used hei^n, the term 
5 "cells deficient in an intcrfcron-roediated annviral response" are cells which fair to meei the 
criteria listed above for a cell competent in ai} mtcrferon-mediated antiviral response, that is, 
Ihcy fail to respond to low levels (e^g,, 10 units per ml) of exogenous Interferon by 
significantly reducing the replication of an intcrfcron-sensitive vims as compared Co in the 
absence of interferoo. KB oral carcinoma cells are cells deficient in an interfeion-mediaied 
0 antiviral response. 

ClonaL Use of the tcim "clonal** vnus is defined hereafter as virus derived fh)m a single 
infectious virus partide and for which individual molecular clones have significant nucleic 
acid sequence homology. For example, the sequence homology is such that at least eight 
S individual molecular clones from the population of virions have sequence homology greater 
than 95%, more advantageously greater than 97%, more advantageously greater than 99%, 
and most advantageously 100% over 300 contiguous nucleoddes. 

fate^dal. As used herein, die term "cytoddal" virus refers to a virus diat infects cells 
•0 resulting in their death. 

Desensitizpfini^^ As used herein^ die phrase desensitizaiion refers to pretreatment wiifa an 
agent that lessens ilic side effects caused by virus adroinlsiiation. 
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^ DcsMiritMiMiDftMs^ As used herein, the phrase "desenndzing dose" refers to the amount of 

^ vinis xvqubedio lessen the sitfe effects of subseqaenl doses tfvin& 

2 ^ Ptfferrottal CvtDtoxScity A^^y As uacd herein, the phrase "difiifitcntial cycouucidty 

assay" for screening tumtff cdls or tissue using a vims refers to ttie (a) virus infection of Ae 
tumor cells and one or moie contio] cells or tissue; (b) a detemdnation of cell survivability or 

^ death for each sample (for example, by the use of a dye indicator of cell viability as in 

^ detailed in Example I ) after one or more days of mfecticm; and (c) based m the results, an 

10 estimation of the sensitivUy (for example, by IC50 detennination as detailed in Example 1) of 

O the sample to Uie virus compared to the control(s). 

Infwtinp a Neopli^m. As used herein, the term "infecting a neoplasm** Teftos t6 the entry 
of viral nucleic acid into die neoplastic cells or tissues. 

15 

Interferon-acnsitfvf. As used herein^ the phrase "inteifcron-sensitive" vims (e.g., NDV) 
means a virus that replicates signfficandy less (at least 10-fold less, advantageously at least 
lOD-fold less, more advantageously at least lOOO-fold less, and most advant£«eoiisly at lease 
iO.(X)0-fold less), in the presence of interferon compared lo in the absence of interferon. This 
U> is decennined by measuring the amount of virus (e.g., infectious virus, viral antigen, viral 
nucleic acid) obtained from cells competent in an tnterferon-mediated antiviral response in 
die presence or absence of ' low icveU of exogenous interferon (e,g^ 10 units per ml). 

Interferon-rc&nonfiiva- As used herein^ the phrase "interfeion-responsive" virus (e.g., NDV) 
a refers to a virus that following an infection at an moi (multiplicity of infection) of 1.0 at least 
50% less viml antigen is expressed in cells prcircaicd for 34 hours, and maintained vrixh 500 
Unitstal of the exogenous Intcrferon^x, than in untreated cells. The measurcmcnte are made 
in cells competent in an iniciferon-mccfiatfid antiviral response at least 24 hours post- 
infection, and on the first day that would allow a detennination of a 50% decrease in viral 
10 antigen expression. 

Neoplasm and N^nin^Hr as used hereto, "neofdasm" means new growth of 

tissue, including umiois, benign growdis (eg., condylomas, papillomas) and malignant 
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growths (c^., cancer). As used herein, "neoplastic disease** refers to disease manifested by 
the piesence of a neoplasm. 

R«>Hcation C!nmp^tffl^ As used herein, the tenn '*itplicadon-competcnt" vims tefera to a 
vinis dial produces infectious progeny hi neoplastic cdls. 

SsMBnUaliv of Contamfnttting Egg Pmtelnfi Iteterm'subscandiiUyfireeof 
oontaminatmg egg proteins" refers to a level of vims purity in which ovaibumin is not 
detectable in a Western blot as performed by one skilled in the an by (1 ) using L7 x 10^ PFU 
of virus per weQ (33 cm in width) nm on an SDS-PAQE (sodium dodecyl sulfate- 
polyaoylamidc gel electrophoresis) gel (1 mm fhick^ (Z) transfeiring Che viral proteins from 
the gel to a nitrocellulose membrane; and (3) immtmostaining for ovalbamin with the use of a 
rabbit anii-ovalbumin [Rabbit IgO fraction at a 1:200 dilution of a 4 m^ml antibody 
concentration (from Ctqppel, Inc.) or equivalent polyclonal antibody] and. more 
advantageously, not detectable in an electrochemiluminescenoe assay with a sensitivity ctf 2.4 
ng/ml. 

TheraucuticallY effective amount As used herein, the term "therapeutically effbcdve 
amount" whan refening to the treatment of neoplastic disease mfcrs to a quantity of vims 
which produces itic desired effect, e,g., cessation of neoplastic growth, tumor regression, 
improved clinical conditions, or increased survival. 

• * * 

Compounds of the Invention 
A diverse group of viruses are used to selecbvdy kill nec^lastic cells. NatumI or 
engineered viruses can function as an aotfaieoplastic agent. These viiuses i) infect necvplaatic 
cells resulting in their death; ii) are replication-^^ompetent in the neoplastic cells; and iit) are 
limited in killing of normal cells fay die antiviral cffecu of inteifeim 

In an advantageous embodiment of the invention, die viruses possessing the above tiiree 
characteristics ffl) tiiey infect neoplastic ceils resulting in *eir deatfi; (ii) tiicy are replication- 
0 compeiani in tiie neoplastic cells; and (iii) they arc limited in killing of normal cells by die 
antivxial effects of imerfbronl also induce interferon. 
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O In anothfif advanta@Bou5 anbodimcnt of the iDvcntion. ihc viiuscs possessing the above 

three characteristics also cause regwsion of human neoplasms; and/or are not neutzalized in 
6k target human population because of the preaccce of pre-existing immunity. 
^ In another advantageous embodiment, the viruses possessing the above three 

r-H ^ dwBcreristics are cycocidal to tumor cells. 

A Paramyxovirus (as used herein "Paramyxovirus*' refers to a member of the 
ON Paramyxoviridae) can be used according to the present invention to treat a neoplasm 

O it»luding a large tumor or a host having a high umiorbunlen. ThePararayxoviridacfamfly 

'^Pri^^^^'^e genera: (l)panunyxoviruses; (2) measlw^^ 
^0 (3) raspiratory syncytial vinises (pneumoviroses). Ibese viruses contain an RNA gcocme. 
O Use of Paramyxoviridae viruses which are cytoddal, especiaUy pBramyxoviruses, c-g., 

Newcastle disease virus (TTO V) and other avian paramyxoviruses such as avian 
paramyxovirus type 2, is an advantageous method of pmetidng die invention. Attenuated 
strains of these vinises are especially useftil for treatment of neoplasms in accordance wi* 
5 the present invention. 

NDV is on especially advantageous vim according to the present invention, NDV is 
categorized into three distinct classes according lo its effects on chickens and chicken 
embryos. T-ow virulence** itrains are refened to as lentogenic and take 90 to 150 hours to 
kill chicken embryos at the mbiimuoi ledial dose (MLD); "moderate vinilencc*- strains are 
« refencd to as mesogenic and take 60 to 90 hours to kill chicken erabryoa at the MUD; **high 
virulence** strains ace refened to as vclogenic and take 40 to 60 hours to kill chicken embryos 
at die MLD. See, e.g., Hanson and Brandly, 1955 (Science. 122:156-157), and Dairfiii et al, 
1961 (Am. J. Vet. Res.. 918-920). All three classes are useful, advantageously, mesogenic 
strains of NDV such as strain MK107, stndn NJ Roakin. and strain Conneciicui.70726. (see 
5 Examples 21-23). Sec. eg., Schloer and Hanson,1968.a 2:40^7) for a listing of 
other mesogenic strains. 

For certain purposes, it is desirable to obtain a clonal virus to oisure or increase the 
genedc homogeneity of a particular virus strain and to remove defective interfering panicles. 
Removal of defective interfering particles by cloning allows for increased purity in the final 
0 product as assessed by die number of total virus panicles per Infectious particle (e.g.. the 
number of particles per PFU). 

Clonal virus can be prodoced according to any method available to the sldlled worker. 
For example, plaque purification is routinely utilized to obtain clonal virus. See* e.g^ 
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Q Maassab ct al^ In: Hotldn and Mortraer, eds. Vaccmes. PhikAlphm: W3. Saundeis Ca. 

^ 1994, pages 781-801. Tripb plaque purificaiion is especially desirable, where a plaque Is 

^ selected at each round of puriflcatsm having the dosiied charactedstics, such as a prefened 

«Ke.Aapc.appeaiaiicc;orrcpiesentaii^ Another jneans of geDcradng 

^ ^<»alvini5 is by reconAinanlDNA techniques ap^^ Another 

means of obf aiuing a clonal virus qipHes the technique of liiniEing diludon (e.g., by adding 
dQutions of the virus sample to give an avera^ of one or less Infectious virus panicles per 

^ wel) containing a monoiayer of a sDScepdble cell). 

^ In an advantageous embodiment of the invention, purified virus is used to treat neoplastic 

oa diseases. An advantageous method for purification of egg derived vixuses are as foUows 

O (virus 18 not pelleted at any step in these methods): 

(S| Purification Method A 

a) generating a clonal virus <c.g., plaque puiificaiiOD) 

b) inoculating eggs with the clonal virus 

c) incubating the eggs 

d) chilling the eggs 

e) harvesting the allantoic fluid from the eggs 

f) removing cdl debris from the allantcric fluid 

h) ultracentrifugation of the allantoic fluid without pelleting (eg., using a diseontinuous 
sucrose gindient) 

In another embodiment of the invention, additional steps, addeil after the removal of the 
cell debris (from the allantoic flui<fi and before ultracencrifugarion, consist of: 

• IVeeaing then thawing the allantoic fluid 

• removing contamlnaiing material from the virus suspension (e.g*, by means of 

oentrifugation) 

In another embodiment of die invention, ulttacentrifugation is accomplished by means of 
a continuous flow ultracentrifuge. 

One cmbodimcni of the invention relates to a method of purifying a replication- 
competent RNA vims comprising the steps of: 

a) gcneraiingadonal virus, and b) purifying said clonal virus by 

ultracentrifugation without pelledng. 
Another embodiment of the invemtion involves a method of purifying a 
paramyxovirus (cg^ NDV) comprising purifying the virus by ultracentrifugation 
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O without pclleiing. Opti(m^y» the puiifying step additiooally comprises prior to the 

^ uitracemrifugatiQii: 

a) plaqije purifying to generate a clonal vinia, 
^ b)iBocijlftting eggs with the clonal viius, 
i-H c)iiicubatmg the eggs, 

d}cfailling the ^ggg, 
GN e)bafve8iing allantoic fluid from the eggg and, 

O Qiemovhig call debris from the allantoic fluid 

Q Another erobodiinent of the invendon involves a method of purifyiag a 

^ • rqilieadoaHmnpetent clonal viius from pggs or cell cultm comprising the step of 
O ultracentrifugation without a stqi m which the viius is pelleted (sec Example 31), 

CN Another embodiment of the invendon involves a mcdiod of the purifying a 

paramyxovinis (eg., NDV) conaprising purifying the virus by sequential tangential 
now filtration (TFF), Opdmally, the vina can be additionally purified by gel 
permeaiion chromatography, where each of Aese steps occurs in die presence of a 
stabilizing buffer (Example 15): 

e) plaque purifying to generate a clonal vims, 

b) inocu]ating egg$ widi the clonal vhrus, 
e)h)eubaEiiig die eggs. 

d) chHlingtheeg^, 

e) harvesting allantoic fluid ftoni the eggs and 
dibition of allantoic fluid with buffer, 

f) rBmoving cell debris from die allantoic fluid by TFP 

g) purification of the virus byH^F 

b)puiificadon of the vims by gel permeadon chranutognphy 
Opdonally, the virus obtained from die gel pemieation 8tq> can be concentrated using 
TFP. 

Another embodiment of dje invendon involves a method of purif^dng a replication- 
competent denial virus from eggs or cell culmre comprising die step purifying die vims by 
' fiequential tangendal flow Sltradon (TEF). and optionally followed by gel permeadon 
chromatography, whicb can opdonally be followed by TFP to concentrate die vinis. 
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O Clonal virus 

(N 

Use of these methods pcnnite purificaUon of a clonal vlius [including Paramyxoviius 

^ (e.g., ND V)] Co at least 2 x 10' PFU/iag protein, advantageoudy lo at least 3 k 

PFU/mg protein, more advantageously to at least 5 x 10^ PFU/mg protein, more 
5 advanUgeously to at least UO a 10^^ PFU/mg protein, mtm advantageously to at least 2.0 

X 10^° PFU/mg protein, rooic advantageously to at least 3 x 10** PFU/mg protein, more 
advantageously to at least 4 x 10^** PFU/mg protein, more advaniegeously to at least 5 x 
lo'^ PFU/ff« pr^cin, and most advantageously at least 6 x 10^* PFU/mg. 
^ Use of these methods pcnnits purification of a clonal vims [including Paramyxovims 

O ^0 (evg., NDV)1 to level in which the number of vims particles per FFU is less dian 10, more 

^ advantageously less lhan 5, more advantageously less than 3, moie advantageously less 

than 2. end most advantageously less than 1.2. (Lower numtw of vims particles per 
FFU indicate a higher degree of pmiiy.) 

In anoAer embodinient, these methods pomit purification (to the levels cited above for 
clonal vtiuses) of an RNA viius [includitig (a) a cytoddal »NA virus; (b) a single- 
stranded RNA non-segmented, nonenveloped virus; (c) a single-stranded RNA 
segmented, enveloped virus; (d) a double-stranded RNA segmented, nonenveloped virus: 
20 (e) and a single-stranded RNA non-segmented, enveloped vims (e.fr, Paramyxovims 

(e,g., NDV) and e.g., Retroviiuseal. 

DNA viruses 

In another embodiment, these methods permit purification (to the levels cited above for 
t5 clonal viruses) of an interferon-scnsitivc cytocidaJ virus selected from the group 

consisting of (a) enveloped, double-stranded DNA vimses (including poxviruses); (b) 
nonenveloped, singfe-sczanded DNA vinises; and (c) nonenveloped, double-stranded 
DNA viruses. 

K) Eagderivf!dviym^ 

In another embodimttit, these mediods permit purificadon of egg derived vinises to a 
level substandaUyfteeofcomaminaiing egg proteins. Itispnsfcnedtolimittheamoiim 
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^ of eggpiotnnsm vixusprcpaiudonsforho^^ 

^ like ovBlbumin aie allergens. 

1 ... 

^ Viiuses u&eful in the creatmcnt of neoplastic dUeases including cancer ate shown in Table 

^5 1. Additional examples of vhui family membeis can be found in "^uzphy A and Kingsbury 

DW, 1990* In: YM^* 2"^ Edition (Ed. Helda, B,NO, Raven Plress, New York" hereby 
^ incoipoiated in its entirety These vxnises eit optionally screened for nanirally occuning 

2 vanadons (certain strains or isdates) that result in aimed IFK ptoducdon relative to the 
O parental strain. 

^ .0 In another embocfiment of this invention, candidate viruses, wbeiher naturally occuning 

O orengineered, are tested forthe ability to pfovide therapeutie utiK^in the tieatment of 

neoplasms. In one embodiment, the amount of candOdate virus required to kill 50% of cells 
deficient in an interferan-mediated antiviral response, e.g., KB head and neck carcinoma 
ce(ls» is compared to the amount of virus requiied to kill 30% of a dn^ar number of cells 
^ competent in an intcrferon-mediated antiviral response, for example nornial skin fibroblasts. 
The amount of killing is quantified by any number of means including trypan blue exc]i;sion 
or MTT assay (see Example 1). A significant seduction (e.g., at least S-fold) in the amount of 
virus requited to kill cells deficient in an intcrfexun-mediated antiviral response relative to the 
amount needed to kill cells competent in an interferon-mediated antiviral response indicates 
*d tiiat the vims being tested exhibits activity required for therapeutic utility in the treannent of 
neoplasms. Other ND V viruses and Slndbis virus are such natural occuning vinis^ that 
display tumor-selecDve killing (see Examples 21-23. and 25). 
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Table I 



Nfttnrally Occuriizig Viruses for Use in Cancer Therapy 



vtrus mBSS 


Virus Fftmily 


Virus Exam|ile 


EU>f/\» nc£wiv& siranacci 


ParamyxDviiidae 


Newcastle Disease Viius 






Avisn Paramyxovirus Type 2 






Measles 






Mumps 






Human Panunfluenza 










OnfaomyxOYmdae 


biflucnza Vims 










Rhabdovindae 


Vesicular Scoinatitis Virus 








RNA, positive stranded 


Togaviridee 


Sindbis Vims 






Seraliki Forest Viius 








— 


Flaviviridae 


Yellow fever (attenuated) 










Picomavtridac 


Rhinovinis 






Bovine entemvinis 










Coronftviridae 


Avian infectioiis btonchlcis vims 






Human ooionavimses 








RNA, double stranded 


RcoYiridac 


Reovinis 






Rotavirus 








UNA 


Poxvindae 


Vaodnia virus 










Herpesviridae 


Herpes Simplex Virus, type I 
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^ An under^nding of the facton involved in th^ establishment of an antivirBl stale allows 

}^ foritiecreationof a screening assay for tuznors that arc likely to &i 

^ piindple, patient derived tumor tissue obtained irom biopsy is screened for the e^piession of 

^ p68 kinase* pS8, or otherfactoxs involved in the regulation of an antiviral state or cellular 

^ 5 diffeientiation. Otherfactorsiciclude^lmtarenot limited to, interferon response facto^^ 

(IRF-1}, interferon stimulatory gene factor-3 CISCF-3). c-Myc. c-Myb, and IFN leceptois. In 

^ the case of c-Mye, c-Myb or pS8» high level expression indicates that the tumor tisstte or cells 

2 are treatment candidaies for virus therapy. Indieeaseofp6S.IRF*l»ISGF-3,andIFK 

O receptors, low level expression indicates that the tumor tissue or cells are ueatroent 
CN 

a candidates for virus cbei^. 

O 

O At least 30% of human tumcns are characterized by an activated Ras phenoiype (Bos, 



J.L^ 1989. Cancer res., 49:4682). An acbvated Ras pheno^ can oecor aa a result of i) 
exprsssjon of Ras proteins wldi activating mutations, ii) overexpression of wild-^pe Ras 
protein or iii) expression of unregulated tyrosine kinase lec^tors or other members of the 
Ras signaling pathway such as Gtb2 or Sos. Cells with activated Ras phenotypc have been 
shown to more sensitive to killing by NDV (Loience* ILR. et al.. 1994, Cancer Res^ 
54:«)17-<021) and by reovirus (Strong, J£JSm et al., 1998, aiBO, 17.3351-3362) than the 
some cells without an activated Ras irfieno^pe. Activated Ras has been shown to inhibit the 
Induction of responsive genes by iniErfeion (Zullo, and Faller, D.V., I98g, Mol, Cell, 
Btol., 8:5080-5085) and the activatiaii of PKR by dsRNA CMundschau. LJ., and Faller, D.V., 
1992, J. Biol. Chem., 267:23092-23098). Civen the key role that FKR plays in the induction 
of the interfeion-mediated antiviral response, the increased sensitivity of eells with an 
activated Ras phenoQrpe to killing by NDV and roovirus provides even more evidence for die 
selecdve killing of cells deficient in an interferon-mediated antiviral response by viiuses of 
the present invention. 

Patient derived tumor tissue obtained from biopsy can be screened for the expression of i) 
acdvated Ras imitein, ii) the OTP-bound ^tion of Ras (active focmX iii) acdvated foim of 
MAPK (e.g., ERKI or ERX2), or other indices of an acdvated Ras pathway. The presence 
of an activated Ras phenotype in the patient specimen indicates that tumor dssue is a 
treatment candidate for virus ther^>y. 

In another embodixnent of tiiis invention, primary tumor tisstze or cells obtained from 
padent biopsies are expanded in cuhure and tested for sensidvity to killing by a suitable viial 
therapy. Ihoneerobodimcnt,tbeamountof virus requited to IdU 509b of the tumor tissue 
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O culture is compared to the ainotint icquued to kill 50% of a culiurB of nonnai cells as 

^ described above for the soeBmng of candidate vinises. An increase of ten-fold or greater in 

^ the sensitivity of the tumor cells relative to nonna] cells to killing by the viral agent indicates 

^ that the nnnorceUs are spedfically sensitive to the cytocidal effect In 

^ j a ftmher embodiment of Hic invention, the ability of the targeted tumor cells to respond to 

endogpnously or exogenously supplied DPN is dstennined by condiictmg the above screen in 
^ tte presence of IFN (alpha or beta fiozm* using e.g., 10 units per ml, see Example 27X 

O An understanding of the cellular receptors required for vims attachment or entry will 

O allow additional screening for tumors that have hi|^ r ec ^ tor expres»on and hence enhanced 

XT) 10 senstti vhy to the intaferQn*sen8iti ve virus. Hda is an additional level screening for patients 
^ that arc likely to re^xmd 10 virus therapy. Advantageonsfyftartberqpy withaninteIfe^Hl- 

^ sensitive vims, the patxent*5 tumor would be both resistant to inteiferan as well as having 

high expression of the ceUular teceptor for the virus. Jn principle, patient derived serum, 
tumor cells, tissues, or tissue sections ate screened by inmmnoassay or immunoatain fbr the 
15 amount of virus rec^orpresent in the serum or on the tumor cells or tumor tissue. Fdr 

example, Stndbis virus udlizes die high affinity laminin receptor to mfect mammalian cells 
(W sng et al.. 1992, J Virol., $6, 4992-5001). This same receptor is known to be expressed in 
higher amounts in many diverse ^ypes of metastatic cancer. Hie Panc-1 pancreatic cancer 
cell line, and the colon adenocarcinoma cell line SW620 me known to express a high level of 
20 high affinity laminin teceptw mRNA (Campo ct al, 1992, Am J Pathol 141:107301983; Yow 
et al., (198g) Proc. Natl Acad Sd. SS, «394-6398) and are highly sensitive to SLndins vims 
(Example 25). in contfaat, the rectal adenocarcinoma cell Mna SW1463 is known to express 
very low levels of high affinity laminin receptor mRNA (Tow et al.. (1988) Proc. Natl Acad 
Sci. 85, 6394-(S398), and is more than 4 aiders of magnitude mote resistant to killing by ' 
25 PPSINDBIS*Ar3a9AanSW620cens» 

Existing strains of NDV, or other virases Including RNA and DMA vuvses. are screened 
or cnginccrBd for altered IFN responses (c.g„ advantageously increased IFN responses) in 
normal cells* In addition to the ability to elicit a strong IFN mponse, other viral 
characteristics arc screened for or engineered into the virus. Viruses with altered receptor 
» specificity (eg,, Sindbis virus PPSINDBIS-Ar339. se© Example 25), or low neurovhiilcnce 
aie included in the subjea invention (e,g., NDV vims PPNTROAEON, see Example 24). 
Advantageously, viruses of the invention have the edacity to spread through direct ceU to 
cell contact. 
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O The invention described herein includes a broad group of viruses (see Table 1) that are 

^ uscfiil for tteatixicni of neoplasms bi a manner analogous to iheindi^ In 

^ addition, vinisea that naturally would not be candidates for use, due to the presence of a 

^ tnechaiusm(s) to inactivate the IFN response in ncsmal cells, are optionally engineexed to 

^ 5 ciicumvent the above restrictions. If left unmodified, vinises with mechamsma to inactivate 

the interferon response woidd be more toxic to nonnal cells than viruses with such 
^ mechanism removed. The subject invention provides (I) the development of a vector that 

O can be easily manipulated; and (2) the creation of a set of therapeutic viruses. Manipulattons 

O include the addition of an IFN gene to pennit the viral expression of a tranagpne expressing 

IT) 10 IFNf or other activators of the IFN response pathway. Additional permiitadons include the 
^ engineered expression of pro-drug activating enzymes such as die Ibrpesvims diymidhifl 

^ kinase or cytosine deaminase (Blaese RM et al., 1994. Eur. J. Cancer 30A: 1 19Q-1 193) and 

die expression of suitable marker antigen to allow targeting of tumor cells by the immune 
system. An additional pennutation include the engineered expression of receptor ligands to 
15 target ceils with diose receptors [e.g.* expression of receptors to other viruses to target cells 
infected with diose vimsei (see Mebastsion ci al., 1997» Cell 90:ft4i-847; and Schneli MI et 
al,» 1997, CeU 90:849-857], 

Several Newcastie Disease virus strains in addition to the one cited above demonstrate 
seleetive killing of tumor cells. In a differential cytotoxicity assay using a second strain of 
ZD mesogenic Newcastle Disease vims, tumor cells were found to be 3 orders of magnitude 

more sensitive dian normal cells to killing by the virus (^xanqpls 2 1), Additionally, when a 
third mesogenic Newcastle Disease virus strain was used in a differential cytotoxicity asssy, 
tumor cells were found to be 80 to SOOO-fold more sensitive than nonnal ceils to killing by 
the vims GBxample 22). Both of these mesogenic Newcastle Disease virus strains also caused 
25 tumor growth regression following intratumond adnuxustration to athymie nuce bearing 
human tumor xenografts (Example 23). 

In sep^te experiments, the safety of three distinct Newcastle Disease virus strains were 
studied following intracerebral iaoculati.on in atiiymic and immuno-competent mice. The 
resulu of this study showed that all three vbus strains were well tolerated in mice with an 
30 intact immune systcro. Intracerebral inoculation into the brains of athymxc mice revealed that 
one of the viruses wss tolerated significfixitly better than the other two (Example 24). These 
results demonstrate that within a single virus family important differences in viisl pn^ierties 
can occur and be can be ecplolied dterapeutlcally for greater efficacy or increased safety. 
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O Aiidcher meaiu by which increased efficacy and lower tQudty following tfcatmeni with 

^ oncolytic viruses can be achieved is through the use of InterfBron-scasitive viruses thai 

kc:H teqabe specific oeU sutfoco rccepcois thai are pref etentially cxpiesscd on tomor cdls. 

^ SindUs vims provides an example of diis type of testriction* ShidUs vinis infects 

^ T^MfiiifHiiifln cells using the high ofiiniQr lannnin receptor (Wang et al., (1992) J. Vicol. 66« 

4992-5001). When nonno] and nimor cells weie infccied with Sindbis vims in a diffeiential 
^ cytou»Liciiy assay, cells which both wcro tumoiigenic and expressed the high aflinity liuninin 

O leceptor weie found to be mote sensitive to killing by this vims than other odls (ExampJe 

O 25). Nonnal keratinocyces express the high affinity laminin leceptor (Hand et al., (19&5) 

^ > Cancer Res.. 45, 2713^719). but were resistant to killhsg by Sind^ Mdoreover, 
^ analysis of the interfenm sensitivity and lazninin receptor cxpiession levels of normal 

^ keratinocytcs and two different tumor cell lines demonstraies that PPSINI>BIS-Ar339 

selectively kills tumor cells that i) ate deficient in an inteifenni-niediated antivirai response, 

and ii) express the high affinity laminin receptor 
» PPSINDBIS-At339 also has potent tumor growth inhibitory properties when tested in 

vivo in athymic mice bearing subcutaneous SW620 adenocaidnoma tumors ceils (Example 

32X 

Vesicular Stomatitis Virus (VSV) provides evidence for the generalized hypothesis of 
tumw-selective IdDing of by oncolytic vinises. i.e^, an inherent deficiency in interferon 

) PBsponsiveness in tumor cells renders these cells sensitive to ksIJing by inteiferon-sensiQ ve 
retention-competent viruses. When VSV was used to infect non-tumorigenie human 
WISH cdls and mmoiigenic HT1080 or KB cells in the presence of exogenous intexferon the 
cumorigenic cells were selectively killed (Example 26). Additional evidence is pmvided in 
. Example 33. In this example, two inuelated viruses are shown to exhibit nearly Identical 

\ behavior upon infection of a mmor cell line. The similar responsiveness of this cell line to 
each of ^lese viruses demonstrates that the growth of the two tuvelaied vinises is controBed 
by similar mcdianisms in this tumor cell line. 

Below is a list of viruses that when modified to lemove naturally-occuiTing anti- 
interferon activities, are uscAjI for viral cancer therapy (see Table 2). Modified vinises 

) (advantageously* but not necessarily, attenuated in addition to the anti-tnteifen>n 
modification, see Table 3) that have had endogenous anti-interferon 
&edvltie8destio>edorrBdtteed,aie useful ibr cancer th^y. Thislistindudes^butisnotbe 
limitBd to, the viruses described below. Beeause of the slndlatny between viruses of a 
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^ common class* the identified mcchaaisms for each of Ac spcciflc vmms listed below, are 

^ also present in other members of chat class of virus as identical or flmcdonally analogous 

^ mecham'sma. The hioader gtoiq> of vinises is added in paxcothesia. Viruses, such as rhosc 

below, thai have a fimcdonal loss of anti-intBffenm activity, through any means, including 
2 ^ natural occuning mutations, as well as engineeted deletions or point mutations, aie useful in 

the methods of che subjeet invention. 
0\ Viruses that exercise mote than one mechanism are optionally modified to contain 

Q mutations ra one. some, or all of the activities. Mutations for sraie the described activities 

^ Bie available in the general scientific community, 

0;J -0 of naturally occuning or engineered vine thai are alowCTgro 

O the growth rate of wild-typc Vitus, are particuiarly advantageous because a slower virus 

CS| growth rate will allow a cell or peculation of cells competent in an interferon response to 

establish an cfflcicni antiviral stale before viial replication can kill the cell or cell popuiarion. 
The disabling of viral anti-inicrfcron activities a$ a specific iteration of viral character 
5 that lesults in the augmentation of the inteifeion response in an infected cell, but sdJl allows 
viral replicfliion in neoplastic cells is included in the subject invention. 

Table 2 shows existing viruses engmcered to remove anti-intcrfcron activi^. 
Table 3 lists viruses engineered to be aaenuaied in vitulenee. 
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Extant Vbiises Engiiiemd to Kemove AnO-IFN Activity 



Virtu 
Qaas 


— - ^ ^^^^ 9% 

Virus Family 


Virus 


Anti-IFN 


Beference 


RNA 




(Mvinis 


Qmega-S 


Imaiii and Jacobs (1988) Proc Natl 
Acad USA 

85:78S7-7891. 


DNA 


PojcviHdw 


Vaoeima 


K3L 


Beaole et al ([99 1) Virology 183- 
419 








E3L 


Beatde ec al (1996) Vinia Genet 
12:89-94 








BI8R 


Symom «t aj (1995) Cell 81:551- 
5fiO 






subtypes 


VA-l 
truksciipxs 


Madnws and ShCok (1991) J Virpl 
6^:S6S7'5662 




Alphaheipfis- 
viridae 


HSV-l 


fcnc product 


Cho ttal (1996) Proc Nad Acad Sci 
USA 92:10516-10520 
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Tables 

Known AtteauatinB Mutations in Sdtctod Vlmm 



Virus 
Class 


Vims Family 


Vims 


AttcimatioD 




RNA 


Rftovvidae 


rcoviiug 


Omegt-i 


Sphngs and Irtslds (1982) Natvte 






somvirus 


BoviM strains 


Oaric (I9SB) J Infect Dis UStSTO* 

587 




Togavifidae 


Siodbis 


AltcnuuiDS 
mutitlmslnilM 
El BiidH2 

coding rcsK^ 


Polo and Jolmscon (199(Q J Vvol 
64:4439.4444. 














Foxviridae 


VlGCtDU 




Bultei et al (1985) Vhoiogy 
164:1S2 








TbynudxDc 


BuDeret al (19SS>Naain! JlTtSlS- 
SU 








Thymidyhte 
kinase 


S; ei aJ (1991) J Biol Qiem 
366:20103^109 








DNAlisate 


KBn^etal(I991>EMBOl lO^AMS- 
43X1 








rnductasc 


Cliiki et a] (1990) Viralosy 

]74:oZ3-0Z9 








dUTPase 


Pwkus lit il (1991) Virology 
180:406^410 














Adeiioviridae 


Various 
subtypes 


AiM.Ad-7and 
Ad-2I 


Tikaftifl a ar (1979) J Infect Dis 
140:4S>S3 




Ajphalmpesa 


HSV-1 


Thymidine 
kinaae 


Field and Wtldy (1978) J ^yg 
81d»7.277 








Ribomideoiide 

Reidoctase. ' 


GoMstdn and WeUer (1988) 

Vutdogy 166>41-51 








sens 


CbOB et al (1995) Pioc NaU Acad 
Sd USA 92:1(^16-10520 








bVc' ioverted 


Mcisner «t »l (1988> J Infoct Dis 
162;3 13-322 
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The piesent inventioii lelaies to viral therapy of neoplasms, especially in animals having 
cancer. In aa advantageous embodiznent, the invention lelatas to the treao^ 
ivfaich are 1 cendmeoer (cm) orinoie in size as measured in the gieatest dhnension. As used 
2 5 hanin/'a 1 cm tumox^mdicBtes that at least one dimension of die tumor is Ict 

- Such ntmors are more sensitive than expected to viral therqiy, often at least as sensitive to 
0\ vims, if not more sensitive* than tumors which are smaller in size. In a moie advantageous 

(3 aspect of the invention, tumors greater than 1 cm. are treated, e.^« tumon which aie 2 cm or 

greater, fnnn about 2 cm to about 5 cm, and gicater than S cm* 
^ 0 The present invention can also be employed to treat hosts having a'hi^ tumor buiden. 

O As used herein , the phrase '"tumor burden^ refers to the total amount of tumor widiin the 

CN body expressed as a percentage as body weight Viral therapy of hosts having a tumor 

burden. c,g.. from about 1% to about 2% of to^aJ body wdght is suiprismgly effective, e»g»» 
producing tumor regression and a reduciion in the overall tumor load This is especially 
5 unexpected since a tumor burden of approumaicly 2% of the total body weight (e.g., a 1 kg 
tumor in a 60 kg human) is apprmimatcly the maximum cancer mass coziq>attble wirii life. 
Sec, e.g^ Ootran et al.. In Robbins Pathological Bam of DiscRse^- 4th Edidon, WB Saunders, 
l9Wt page 252. In the Examples, volumes up to 397 mm^ for a melanoma cancer (eg.. 
A37S) in a mouse host showed complete regression in response to treatment with a 
0 Newcastle disease virus (e.g., a tiipte-plaque purified vims). Assuming that for tissue 1000 
mm^ equals 1 gram, a tumor having a volume of 397 mm' comprises approximately 2% of 
the total body weight for a 20 gram mouse . 

Aa shown in Exanqiles 4 to 9 below, cumor regression was achieved with cumon at least 
1 cm in size, while untieaced, control animals began dying from tumor buitieii within sevetal 
s weeks. Thus* such diseased animabwemsuccessMly treated despite befaig within two 
weeks of death. Thus, in accordance with the ptesent invention, an animal which is near 
tcnninal from its tumor burden can be created effecdvely with viral therapy. Cbnsequently. 
die i»esent inveoDon can be used to treat patients v^o have not responded to conventional 
*™py« chcmothar^y such as methoirexaic. 5-fluOTouraca, and radiation therapy. 
iO The efficacy of NDV for tfie treatment of canc^ foUowing administraiion through the 

intraperitoneal rouie has also been examined. Using an ascites prevention model of ovarian 
cancer, intraperitoneal injection of NDV in mice harborii^£S-2 human ovarian tumors 
lesulmd in iniaeasedsunrival compared to nucctneated with sali^ WhenES- 
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2 cxlls weip used in an apparent ascites model, ascites fluid prodoction was markedly 
^ decreased in viius-troated animals compared to saline conttcis (Example 17), 

In another cnbodimenC of the inveatiom, tbp adnmnstration of vims results in 1) the relief 
^ of tumor relaied symptoms, such as but not limited to deceased rate of ascites fluid 

^ 5 production, i^Ucf of pain, and relief of obstructive disease, and 2) the prolongation of life 

Hfty-two poUems have received the plaque purified NDV isolate by the intravenous 
(j\ nniie. Treatment responses include: regressions of individual tumors in S patients; 

O stabiliradon of disease in 2 patients for 7 months, in 2 patients far 5 months and in 1 more 

^ padent that Is ongoing at 3 months; and a teducdon in pam medication (Example 20X 

g Administration and Fcirmiilaitiim 

CN In one embodiment of the invention, tumor ceils or tissue are screened in vitro to 

dcicfmine chose patients with tumors sensitive to the virus, Ttmior cells removed from the 
patient (by methods such as fine needle aspiration for soKd tuinot^ or by paracentesis for 
15 ovarian ascites tumors) are grown m vitrv and incubated widi virus. In this embodiment of 
the in venuon, patients are selected for therapy if the vims has a high activity against ihcir 
tumoroetls. 

fa an advantageous embodiment of the invention, the amount of virus admtm'steied 
results in regression of the tumor or tumors. As used herein^ die terra ''regression" means 
20 that die Uimor shrinks, e^, in size, mass, or voltune. Shrinkage in tumor size is 

deroonsttaied by various methods, including physical examination, chest fibn or other x-ray, 
sonography, CT scan, MRI, or a radionucieodde scanning procedure. 

Various ^p^ of neoplasms Including cancers are treatable in accordance with die 
mvention. The viruses of the present invention are useful to tteat a variety of cancm, 
2S hicluding but not limited to lung carcinoma, breast carcinoma, prostate caxdnoma, colon 
flrfenocaicinoma, cervical carcinoma, endomeUial cardnoma, ovarian cardnoma^ bladder 
carcinoma. Wilm's tumor, fibrosarcoma, osteosarcoma, melanoma, synovial sarcoma, 
neuroblastoma, lymphoma, leukemia, teain cancer hicluding glioblastoma, neuroendocrine 
caianoma, renal carcinoma, head and neck carcinoma, storaadi caiciiioma. esophageal 
30 cardnoma, vul volar carcinoma, sarcoma, sUn cancer, thyroid pancreatic cancer, and 

mesothcKoraa. Ihe vinises of die present invention are also useibl to treat a variety of benign 
tumora, including but not iimited to condylomas, papillomas, meningiomas, and adenomas. 
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(3 A therapeudcally effective amount of virus is administered to a host having a neoplasm. 

^ It is undeisiood by chose sldDed In the art that the dose of vims administcxcd will vary 

^ d^ancfing on the virus selected, type of ncoplaam, the extent of n^ 

^ tnetBstasis, the biological die or bo<ty craipartment of the neppla8m(sX the strain of virus, the 

O 

^ 5 niute of admhustration, the schedule of administralicm, the modte of adn^ 

identify of any other drugs or treatment being administered to the nuunmal, stich as radiation. 
0\ chemoAerapy. or surgical treatmenL These paiametei^ are defined through maximum 

(3 tolciaied dose (M11>) determination in animal models and scaling to human dosage as a 

^ function of relative body surface area or body mass. It is also understood that under certain 

^ »0 ciicumstances, mote than one dose of the virus is given. Hie optimal interval between such 
O multiple doses of the virus can be determined empirically and is within the skill of the ert 

NDV is generally adininistamlftom about 3 X 10^ to about Sx 10^' ntl of virus. Fbrlocal 
administration (eg., directly inm a tumor), total amounts of at least 3 x 10^ FPU, mom 
advantageously at least 3 x 10^ PFU, more advantageously at least 3 x 10* PFU, moit 
15 advantageously at least 3 x 10* PFU, more advantageously at least 3 x lO'® PFU, mom 
advantageously at least 3 x 10* * PFU, and most advanfcigcously ai least 5 x 10*^ PFU are 
typically used. For systemic administration* amounts of at Least 1 x lo'mj of virua per 
sepiaro meter erf body smftcc area, more advantageously at least 1 x 10* PFU of virus per 
square meter of body surface area, more advantageously at {east 5,9 x lO' PFU of virus per 
square meter of body surface area, more advantageously at least 1.2 x 10'° PFU of virus per 
square meter of body surface area, more advantageously at least 4.8 x lO'^ PFU of virus per 
square meter of bocfy surface area, more advantageously at least 7.2 x itf * PFU of virus per 
square meter of body surface area, and tnorc advantageously at least d.6 x 10*^ PFU of virus 
per square merer of lx)dy surface area, and most advantageously at least 3.0x 10^^ FPU of 
virus per square meter of body surface area are used. 

For intravenous administration, dosing schedules of once per week, two times per week 
and three times per week are used. A vinw in accordance wifli die present invcndon, 
optionally with a chemotbcrapeutic agent, can be administered by various routes, eg., enteral, 
parenteral, oral, nasal, rectal, intrathecal, intravenous (eg., using a catheter), subimtaneous, 
intratumor (e.g., directly into its dssue or Into vessels which perfuse it), peritumoral, local, 
sublingual, buccal, topical, intramuscular, by Inhalation, percutaneous, vaginal. intzft^artariaL 
intra-craniai, intradezma), epidural, systemically, topical, intraperitoneal, tntr^Ieural, 



»0 



)0 
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Q iiitravcsicTilar (for bladder tumors), etc. For Img nimors, a bronchial route (c.g„ Ironchial 

^ admimsteatlon), apttCulaiicouaroute.oranciMl^^ Endoscopic 

^ injections of gB8trointd$tinBl lumors, as wdl 83 suppository treatments of rectal tumors aie 

^ also used where a|>pmpiiate. 

^ 5 Murine toxicity studies widiNDV have ixw£^^ 

intravenous vim administration is likely lo be caused by cytoldnB mediated reactions. 
0\ CytDktne lesponses to r^eaied stimuli axe imowii to be cfesensitized, or down-icgulated. 

follovdng the initial inductioii event (Takebashi et aL, (1991) Cancer Res. 51. 2366-23*^). 
^ Mice receiving a desensitizing dose of virus tolerate subsequent admimstmcion of higher 

^ 0 doses better Aan saline treated controls Example 18). Mice intravenously injected with a 
O desensitizing dose of vims wkb able to tolerate ^proximately lO-fbId more vinw on an 

CS| second intravenous dose than mice receiving vehicle alone for the first injection. 

The rate of virus administration by the intravenous route can significantly affect co^^icity. 
Two groups of athymic mice were intravenously treated with identical doses of ND V which 
i was administered either slowly (0^ ml over 4 minuter) or rapidly (0.2 ml over 30 seconds). 
Comparison of the maximal weight lose in each group revealed 50% less weight loss in the 
group lecdving stow Injection vei^us a rapid injection (Example 19), 

In the diidcal trial, padents received duee bfjecdons of tte plaque purified NDV isolate 
over die course of one week. Under these condidoos,*a desensztiziiig e^ect of the initial dose 
» lessened die toxicity associated with die second and third doses, even when die second and 

diird doses are two to eight dnies higher Aan die first dose (Exanqple 20). These data paxallel 
those obtained with the animal studies shown in Examides 18 and 28. Furtbomore in die 
cHidcal n^al, higher rates of tumor regression were noted when higher doses wm achievable 
using a smaller desensitizing dose (see Table 19» Example 20). This i^gain paralleled die data 
i5 obtained in animal model testing (Exaniple 29). 

One concern related to the use of oncolytic viruses in the treatment of cancer is die 
potential inhibitory effect the humoral immune response can exert on the dieiapy. In die 
cKnicai study, pattcnu displaying stable disease after 1 montfi are eligible for a second course 
of treatmerit The second, and subsequem courses of treatment are therefore adim'nisteied in 
30 die presence of neutralizing antibodies to NDV. Nevenhdessjnfecdous vims could be 

found in padents' urine after dosing for die steond coucse and tinnor xesression was observed 
after a second course, providing evidence dial adxninistradon of high doses of vims can 
ovacome the elfect of neutralizing andbodies and establish an infeedon widun die patient 
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^ (Extmple 20). fit od advaniagBous embodiment of the invention, multiple counes of vina 

<N BiamplejofacouiseTC^^ 

^ followed by a 3 wedciest period; adminteBriagvirosax per 

^ *o"owedl7a2weeikiestporiod;adtaiiiiatMiogoiiedo8eofviiiB,fi>ltow^ 

2 5 P«»*o*«>ratal«te«tog3Xperweekfbr6wBaks.foBowedbya2weckiett 

embodimBiit. vbus is die Bdministeredmoredian 2 weeks after adminismtion of the initial 

doseofviniB. 

^ iaanadvant^ousembodimeMaftteinvaition.ade8eiisid2inBdoseis^venbei^ 
g higher subsequent doses. The desensilizing dose levd is deteimiiied ham cliidcal indicaton 

r;j 10 of toxidty such as hypotension. fafigue,UvcrtraijaamiiH8cctevation or olha^ 
O indices, where the desensidxing dose level is equal to orbelow the maximum ndeiaiBd dose 

(Sj (MTD) for a single admiirisorBtion. Following desensidzation, ad<fitional vinis doses 

exceeding die desensitizing dose are given. In an advantageous embodiment, the subsequent 
vims doses are equal lo or greater than the single dose XflD. For example. desensitiziDg 
15 virus doses of at least 1 x 10* PPU/m*. more advantageously at least 3 % 10» PFlWn', more 
advantageously at least 1 x 10* PFU/m^ more advanuigcously at least 5.9 x 10» PFUW, and 
most advantageously at least 1.2 x lO'^PFU/tai* are used. After desenstuzation, additional 
vinu doses at least I X lO* PFU/in', mote advantageously at least 3 X 10* ITO/m', more 
advantageously at IcasU x itf PFWm*, mote advanageously at least S.9 x 10' PFU/ln', 
» more advantageously at least 2^ x lO" FPUW. more advann^aooaly at least 4.8 x 10»* 
FFU^m*. and more advantageously at least 9.6 x 10'*PF^»m^ and most advantageously at 
least 3.0 x lO" PFUAm* are used. Ki another embodhnent. n»IRx. IL-Z, or Other cytokines are 
sdministeied, alone or in combinadon, for descnsilization. 

The dme frame between doses inducMne dia time frmmt Afat<^n-^g antf 

the next dose is I to 14 days, advantageously 1 to 7 days. The desensitizing dose can be 
administaed by various routes, e.g., intravenous, enteral, parenteral, oral, nasal, rectal, 
tatradiecal. intravenous, subcutaneous, mtratumor. peritumoial, local, sublingual, buccal, 
topical, inttamoficnlar. by inhalation, percutaenous, vaginal, intm-aiterial. intfaciamal. 
intradermal, qndural, systcraically, topical, intr^witoneal, intr^ural. endoscopic. 
iidnibrDnchial.eie. The subsequent Aascs can be administered by the same route as the 
desensitizing Hom or by another route, e.g., intnivenon*. enteral, panntenl. oral, nasal. lectal. 
intrttfiecal, tntmveoons. subcutaneous, intratumor. peiitumanl, local, subungual, buccal, 
topical Jninnmsenter. by mhaladon, pereutaeaous. vaginal, intra-anerial, intracranial. 



!5 
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in 
o 

O inttadfimial, epidural, systemically, topical intraperitoneal, Inttapleural* endoscopic, 

c3 



intrabconchial, eic. Hie usefulness of IV desemitization for wbsoquent dosing by another 
loute is demonstrated in Example 28, Mice intravenously injected widi a desensitizing dose 
g (rf virus were able to tolerate approximately S-fbld moce Vitus on an intr^pehtoneal second 

r-H 5 dose than mice fccdving vehicle alone for die fine injection. 

In pieclinical testing, the increase in the Doaximum tolerated dose achievable usiiig 
ON desensttizatioD allowed for increased antitumor efficacy as descxfbed in Example 29. 

O Optionally, mora than one route of administration can be used in ciQicr a sequential or 

concuxnnt mode. Routes for eidierconcuirent or saqiiential administration indude hot m 
^ 10 not limited lo intravenous, entml, paranteral, oral, nasal, zectal, mtrathecal, intravenous, 
^ subcntaoeous, intratumor, pentumoral, local, sublingus], buccal, toptcal, intramusculart by 

inhilarion. peicutaenous. vaginal* intra-aitcfial, intracranial, mtraifennal, epidural, 
systemically. topical, mtn^toneai, intrapleural, endoscopic, intrabronchial, etc. An 
example would be the administration of a intravenous de^nsitizing dose followed by an 
15 intraperitoneal dose. 

In another advaniageous embodiment of the invention, the vims i$ administered by slow 
infusion including using an intravenous pump, syrin^ pump, intravraous drip or slow 
iiyection over the courae of 4 minutes Co 24 houxs, advantag^usly between 20 and 60 
minutes. 

30 A virus, and optionally one or more chcmotherapeutic agents, is admim'stetcd by a single 

mjection, by multiple injections, or continuously. The virus is adsunistered before, at the 
same dnte. or after the administration of chemodtcrapeutie agents (such as but not limited to: 
busnlfan, cyclophosphamids, methotrexate, cytarabine, bleomycin, platinum cooidination 
complex such as caiboplatin or cisplatin, doxonibicin, dacavbozine, gemcitabme, melphalan, 

23 mercaptopurinc. vinblastine, 5-fluorouracit taxol, and ratinoic adiQ. Viral therapy hi 
accordance with the present invention is optionally combined with other traatroents, 
including, surgery, radiation, chemodierapy (see, e.g.. Current Medical DtagnojMA a^d 
Trea^picftt, Ed. Ticiney ct al., Applcion & Lange, 1997, especially pages 78-94), and 
biological tiierapy. The virus is administered before, at the satuto time, or after the 

30 edmfatisn:ation of Indlogica] agents such as (1) other oncolytic agents [such as bm not limited 
to: adenovinises with one of its genes under tmnscriptional control of a ptostaic cell specific 
leqionse element (see Rodriqucs, R. ei al, 1997, Cancer Res 57:2559-2563; adenoviiuses 
which do not encode aBb polypeptide capable of binding p53 (sec BisdiofiF. J JL, et al. 
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O Sp^CTOT 274:373-376); a herpes simplex virus that u ixic^ablc of expressing a 

^ functional gamma 34,5 gene product (see Mineta, T. et aU 1995, Nature Medicine. 1:938- 

»^ 943)]; (2) cytokines (such as bus not limited to: colony stimulating facion such as GM-CSF; 

^ WflM* necrosis factor, and iniaieuldiis such ss BL-l, IL-2, Kr6 and lUlO); (3) viral vcctois 

5 [such as but not limited to adenovirus encoding p53 (see Zhang, WW et al, 1994, Canc^ 

GeneThfirtpy. 1:5-13)]; and (4) cancer vaccines. 
ON In one embodiment of the invention, ther^ consists of the serial treatment with 

O antigenzcally distinct viruses which are cytotoxic and tumor selective via the IFN n^ech^sm. 

This embodlnient allows viral therapy over an extoided period without immunologteal 
^ 0 infiecfbrcDca 

^ Another embodiment involves the treatment of patients with IFN (e.g. otIFN. pIFN or 

^ T^FN) prior to, concuircnt with, or following administration of NDV (or other vinwX The 

IFN is selected from the group class I (alpha, beta and omega) and class n (gamma), and 
recombinant version and analogs thereof as discussed in, for example, Sreevalsoun, T^ 1995 

5 (hi: Biologic Therapy of Cancer, second edition, edited by V.T, DcViia, Jr.. S. Hellman, and 
S.A. Rosenberg, J.B. Uppincotl Company, Philadelphia^ pp347-364). Normal ceils respond 
to the IFN pre-treatment with an augmented IFN response to viral infection affording even 
greater safety to these cells. Tun»r cells deficient in the IFN signaling pathway T^roain 
semitive to lotling by the virus. This allows even higher doses of viral tficrapy to be used. 

0 The JFS is administered hi accordance with standard clinical gtridelines for doses and 
regimens known to be effectivo for treating viral infecdons. 

In anc^er embodiment of the Invention, other drugs, known to affect the IFN response 
pa&way are also optionaDy used to increase the sensiUvity of tumor celto, or increase the 
rcsxstanoe of normal cells to the cytocfdal ejects of viral infection. This eltts of dnigs 

5 includes, but is not Hmittid to tyrosine kmase inhibitors, dmetidine, and mitochondtiai 
inhibitors. One strategy for enhancing oncolytic activity of therapeutic viruses of the 
invention involves disruption of mitochondrial oxidative pfaosphoiylaiioa. Preferred agents 
arc clinically acceptable drugs that inhibit respiratory chain function or mitochondrial protein 
synthesis. 4-quinoloiie antibiotics, menadione, chlorampheniool, chloroquine. and 

0 tetracyclines are useful for potentiating oncolytic activity of anticancer viruses. Such agents 
aze administered in clinically tolerated doses 0 to 24 hours prior to admhiisnBtion of an 
onoolytlc virus. Mhochondiial inhibitOTB are also optionally adminisiEred afier the virus to 
further seosizize tumors suppoitnig viral replication. 
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O Hypoxia and hyperthennia are aJso known to modulate interferon rcsponsivcnc&s. 

^ Thetcfaio, in one embodiaiBnt of the invention, hypoxic regions of tuoMis are oxygenated 

^ or during exposure of tumoB to a ihcrapei^^ Mcthodsfor 

^ aocompiisbing this include, but are not limited ay^cemtc administration of oxygwiaied 

^ 5 fluoiocaibon blood hemoglobin suhstimtBs. dythropoietin, or vasodtlators. Tumor 

oxygenadon is also accomplished by dcfivccing oxygen at supranonnal concentrations in air 
Q^ via the lungs. 

(3 In another embodiment of the mvention, immunasuppcessants such as cyclosporin A, 

Q azadna^imc, kfiummude, anti-CD-40 ligand antibodies (Foy. XM^ ct al., 1993, J. Exp. 

^ to Med. 178:1567-1575) and various cntioosterold pr^aradons such as, Cortisol, picdisone, 
O prednisolone, 6owncthylpredrosolonc fludrooortisone, corticoscerone, triamcinolone, 

CNl paramctha^onc, betamethasoneani and dexamcthasonc arc administeied before, during, or 

after adminisiraiion of the virus. Altemadvc]y, immunostimulatory compound, c^, 
Upopepbdcs, can administered with the virus. 
15 • In another cmbo&nent of the invention, agents which inhibit TNF-alpha activity such as 
antibodies ^nst INF-alpha (see Example 30). soluble TNF-alpha receptors, 
ooxticosteioids, or other compounds, are administeied before, during or after die virus. 

An indq^endem mechanism by which the amount of Interferon produced in response to 
viral infection is increased dmnigb die use of nucleosides (Madiida, H., 1979. Microbiol. 
20 Immunol. 23:643-650), nucleoside precursors, C3r dnip diat increase Che cellular 

concentration of one or more nucleosides^ are optionally used as an a^unct to viral therapy. 

Certain purine nucleoside analogs, e.&, 2-chiorodeoxyadenosine and 2'-deoxycoformychi, 
reduce intaferon productlcm in vivo. Such compounds are used to further effect differences 
in interferon sensitivities of tumor cells versus nonnal cells and arc optionally used as an 
25 . adjunct CO vij3l diecapy. 

In one aspect, an cfTccti ve amount of vinjs can be subdivided into smaller dose units and 
injected at the same time into dififeiem locations of the some tumor. For continuous 
administration, flie desired agent{8) is administered via an implanicd mlnipump or it ia 
impregcatBd into a desited polymer and then transplanted into a desired location (e.g.. 
30 dziectiyinlD the mmor) for slow or delayed telease. 

A virus of Uie presem invention is formuhitcd as a phannaoeudcal preparation by bringing 
it into a suitable dose ftam. together with at least one excLpient or auxiliary, and, if desired, 
witii one or mOTDfimhcr active compounds. The preparations arc utilized in both human and 
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O vetennary medicine. Suitahic cxcipieats include, eg., organic and inorganic substances 

^ which are ^ropriale for enteraJ or parenteral adnrfnisiraiion. cg^ water, saline, tissue 

^ culture Tsedia* buffers. lysine, dtratc, glycerol triacetate and oiber Itoy acid glyceiides, 

^ gelalin, soya lecithin, carbohydrates such as, maimiiol, Bucrose, lactose or staith, magnesium 

r-H stearate, talc, ceUiilose or protein carriers, or a combination of the preceding compounds. 

such as mannitol/lysioe, or mannitoJ/lysine/aucirose. The pieparations are sterilized and/or 

On contain additives, such as preservatives or stabilizers. For paimiwal administration, e.g.. 

O systemic or local injection* a vims preparation is fonnulaied, clg., as an aqueous suspension 

O oremuIsiCAL 

'^inventionalsoieUtestoamethodof tzeating a disease in a maimnaljn which ^ 
^ diseased cells have defects in an interfenm^mediated antiviral response, comprising 

adminisieiing to the manunal a therapratically efTective amount of an interfeion-scnsitive, 
replication^ompetent, dona! virus. For example, many viruses have Solved mechanisms to 
ablate ihe interferon -mediated antiviral response of die host cell. The hepatitis B and 
hepatitis C viruses are leading causes of liver dysfunction worldwide. These viruses are 
associaied with progressive Uver damage^ drrhosis, and hepatocellular carcinoma. Tteaiment 
with interferons is the cuneni standard therapy for these diseases, but large segments of the 
population fail to respond to treatment, or sufr» relapses following tennlnation of rficrapy. 
The terminal protein of the hepadds B virus (HBV) has been shown » inhilnt the cellular 
responses to interferon, and double-siraoded RNA, a known acliVHtor of PKR (Foster, OJt., 
el al., 1991, Proc. NaU. Acad. Sd., USA, 88:2888^2892), Additionally, the core antigen of 
HBV has been shown to inhibit the expression of die beta iniezfeiOQ gene (Whinen, TJWL et 
al., 1991, J ViroL, 65:4699-4704), and die HBV^sociated delta agent has been shown to 
Mock die activity of PKR in rabbit tedculolyaaiea OEtobenson. H.D.. et al.. 1996, J Virol., 
70:361 1-5617). TTie hepatids C virus (HCV) also possesses an acdvity that represses the 
PKR protein kinase. The NS5 A protein of HCV has been shown to direcdy inhibit PKR 
protein kinase activity (Gale, MJ., et al., 1998, Clin. Diagn. Vinil., 10:157-162)- Patients 
failing midal interferon therapy for HBV or HCV inficcdon are eandidates for ueatmcnt witti 
Viruses of the current ijivcaition. The therapeutic virus, or vhiises, are administered by any of 
the means described above, but would be advantageously adzznnist^ intravenously or 
through die intrahepadc aitety 

There is evidence diat human immunodeficiency virus (HIV) infected cells are also 
resistant to die e£feets of imerfeton, and dial resistance is oondated widi the presence of 
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p AIDS (Kunzi. MS., et al., 1995. J. Meet. Dis.. 171:822-828; Edlin BJL. ct al., 1992. Aiwi. 

^ Intcnu Mtd^ 1 17:457-460). Mechanistically, the TAR RNA region pf HIV has been shown 

to interact with PKR and dthcr activate or inhibit the acriviiy of the kinase dependent on the 
^ coneemntifn) of TAR RNA (Mmtra, ILK.^ et al,, 1994. Viiology, 204:823-827). 

^ AdditionaUy. dieceButarTRBP and the viral Tat proteini aie known to bind to the HIVTAR 

RNA mgpon and inhibit the acttvity (rfPJCR OOavies, PJl, et al.. 1994. Pioc. NaU. Acad. Sci.. 
ON M:4713-4717; Bland, S^R^eial^ 1997. J. Biol. Caiein., 272:8388-8395). Celh infected with 

O HIV and lesiatant to the ef&cts of intcifimnaze taints for killing 

invention, 

^ A number of other human viial pathogens aie known to inhiWi one or more components 

^ of die inteifenm-mediated antivin] state. Adenovirus and Epstein-Bair vims are all known 

to express abundant, small RNA ipecJcs that block the activation of FiCR in infected cells 
(for a review see Clemens, M.J., et al., 1994, Biochimie, 76:770-778). Epstdn-Bazr viius is 
nearly 100% assodaicd wirfi endemic Burtatt's lymphoma* In addition to poorly and 
undifferentiated nasophaiyn^l carcinoma, and is the causative agent of infectious 
mononucleosis. Vaccinia virus has been shown to encode proteins, E3L and K3L» that block 
the activation of PKR and serve as false substrate foe activated PKR kinase, respectively 
(Davics, M.V., 1993, J. ViroL, 67:1688-1692). The E3L protein has also been shown to 
inhibit the 2'-5' synthetase componenl of the cellular antiviral response (Rivas, el al., 
1998. Virology, 243:406-414). 

A homolog of Che vaccinia vims E3L protein has also been described in a human oif 
parapoxvinis (McLmes, CJ., 1998, Virus Genes, 17:107-115). Vacdroa virus also encodes a 
soluble form of the type linterfenm receptor that inhibits the induction of an antiviral stale by 
imerfeion (Synons, J. A.. 1995. Cdl, 81:551-560). A cellular inhibitor of the PKR kinase is 
induced in cells infected wltii influenza virus (Lee, T,G., et AL, 1990, Proc Natl. Acad Sd. 
USA, 87:6208-6212) or poliovirus (Black. TX., et at., 1989, J. \^., 63:2244-2251). 
Heipes simplex I vims also encodes a protein (gamma 34.5) thai antagonizes the PKR 
mediated shut-off of protein synthesis in infected cells (Chou, I ei al., 1995, Proa Natl, 
Acad. Sci. USA, 92:10516-10520). The NSl protein of influei^za vlras and the sigma 3 
protdn of reovinis have been shown to inhibit the activaiim of PKR by double-stranded 
RNA CLu, y.. ct al., 1995, Virology, 214:222-228; Imani, F. and Jacobs, Bi.. 1988. Proc. 
Natl. Acad. Sci. USA, 85:7887-7891). In each of the above examples of vfral interference 
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*'*'*«'»ll"I«««abUshincnt<rf8n antiviral State, treaoncnr Of infc^ 



vinises of the present mvention leads to the selective IdUiag of the infected cells. 

Unless indicaiBd othowbe herein, details and couSlkus of viral ifaerapy of this invention 
in »^th US i^jpHcailoii Serial No. 08/2 

^ s incorponted heirin by lofemioe in its enttr^. The entiie diaelosuie of all ajqilicatioiis. 

pstcnis and publications, cited above and in the Sguies are hereby teooiparated by reference. 

ds . * ♦ * 

O The following exanqiles are illustniive, but not limiting of the methods and composilions 

(3 of the present invention. Othersuttablemodificationsandadaptationsaf a variety of 

^ .0 «»^'»ns and paramaetsnonnaily encountered in ch'nicaltheit^ 
O «»»»«kiJtei in the an are within the sp'ili and scope of this invention. 

Example 1 

PFMK107, (a triple plaque purified isolate of the NDV strain MK107) demoostnites a 
s selective i^totoxic activiQr toward many human cancer ceDs compared to normal 
human cells. 

Human mraor cells and nminfli cells were grown to approximately 80ft confluence in 34 
wen tissue culture Ashes. Growth medium was lemaved and PPMK107 was added in 10 fold 
dihitions nuiging fiom 10* plaque fonning units (PFUVwell to 10*' PFU/well. Controls wells 
0 wifli no vinis added were included on eadi plate. Virus was adsoited for 90 minutes on a 
rocking platfbnn at 37t. At the end of the incubation period, the viral dilutions were 
removed and Placed by J ml of giowUimediam. Plates were then incubated for 3 days ai 
37"C in 5% C02, then assessed quaUtaiively for the amount of cytopnthlc effect (CPE). 
q^coKicity was quantified by using a oolorimetric MTT C2-f4.5-dnneihylthia»iI.2-yII-2> 
s *P'«nyl«etraMK"nibiomidB)asB^(CdllliiBr 96. catalog #O4000tPloiii^ 

Ma«fison WI 53711) monitored at 570 ma. that d^ts natochoadrial enzyme activity 
(Mosman, T.. 1983, J. Immunol. Methods 65:55). Hw viability in the vin» treated wells was 
expressed as a percent of the activity in untreated control wdls. The data was plotted 
graphically as PHJ/well vs. viabtUty as a pereent of control n»e JC50 was cakulaiedas the 
0 amount of viius in PFU/weli causing a 50% reduction in the amount of viable cells. 

Hie results are given in TaWea 4, 5 and 6. PPMMK107 demonstrated a hi^ degree of 
cytotoxic activity against a divene set of human cancca: cells widi 30 out of 39 malignant 
lines having an JC50 vahie less Uian 1000 compared to the relative insaasitivity of normal 
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human cell types. The nBjjoiity of human cancer cells had IC50 values that warn 2 to 3 
Olden of m ag nitnd e lower than ram nomial himuD cell lypea. 



Summaiy of Cytotoxiciqr 



Remlti 



TUMOR TYPE 


CCIXI INP 




i^iUKUSARCOMA 


KTlOfiO 




PANCREATIC CARdNOMA 


PANC-1 




RENAL CARCINOMA 


CAfd-i 






CAKX-2 


1 1 

f ■ 




AAQB 


■< 


LUNG CARCINOMA <NhiMnttl1 ivrn 




26 






2 






IJ 


MELANCttCA 




o 






2 






4 




A372 


37 




MALMEoM 


778 




nTl44 


28 


BREAST CASPlNnMA 


SKBR3 


10 




Bi<DA-MB-46B 


44 




ZR75-I 


78 


0 VARLW CARCINOMA 


SW626 


4 




PA-I 


4 




ES.2 


13 




SKOV-3 


24 




0VCAR3 


34 


CHJOBLASTOUA 


UB7MG 


23 




U373MG 


765 




Ui38 


38 




A172 


207 


BLADDER CARCINC»biA 


HTIW 


3 




UM-UC-3 


54 




HT1376 


422 


NEUROBLASTOMA 


D4R-32 


41 
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CERVICAL CARCINOMA 


WCil J 


4 


PROSTATE CARCINOMA 




31 








COLON CARCINQMA 












Head and neck carcinc«aa 


mi 


4 




A2S9 






raDo 










Kl&OROCPITHElJOMA 




20 


SM AiX. GbLL CARCINOMA (Lung) 


DMS-IU 


49 




DM$-153 


1.1.E4QS 






L2St06 


SMALL Cell CARCINOMA (PiQstate) 


Na-H660 




1£UKEM1A(AML) 


K562 




LYMPHOMA (Buildups) 




>L0E4€6 




Daudj 


>L0Bi06 



Table 5. Siutunarf of CytoUndcHy Assay Results Using Normal Humaki Cdb. 



CeD Type 


CsD 


ICsD(PFlj/i*«U) 


Kerednoeyte 


NHEK 


9.0x10" 


FibroUost 


CCD-922 


1.4 xlC 




NBDF 


8.1 X 10' 


Endothelio] 


HPAEC 


5.2x10' 


Reiul 


RPTBC 


2Jxicr 


Melanocyte 


NHEM 


5.1 X 10" 


Attiocy» 


NHA 


3.8x10' 
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TaUe 6. SmnuiBry of Cytotooddty Assay Results Uglng Rapidly ProUferatfng 
Normal Hnmaii Cdla. 



Bone Manow (Ms, 

CD34* Enriched to 50% 



Breast EphheliaJ Cells 



Rale of PirolifentiMi 



L) vitro 



Moderate to High 



Very low' 



In vivo 



High 



High" 



ICso(PFWwU) 



30 



" - HuzBAD breajc cpiOelUl caIU Cenfid (HMEQ M a hifih rate of proUfrnitioB after sUmulatioo wifli 
5 bovine phuitofy exmct and humim epidermal powth factor. In marked comrart, notmal breast 

epiibeUal cdU almoat aiwaya have a vciy low deeree of proliferaikm in aduk women wi<h cancar 

Example 2 

Use of PFMKI07 for Ibe Intratiunoral Traatment of Human Tumor Xenografts (<10 
:o mm and >5 mm) in Atbymlc Mice. 

Aihymfc mice were injected intradenpally wttt 10 mUlion human tumor cells. After 
tumoi$ leached a size zange ftom between 5 and 10 mm, a single injection of FPMK107 (at a 
dose of 3 X Vf PFU) or saline was given. Almost aD tumor types exhibited a rate of 
complete orpaitial legiession of 50% to 100% (see Tabic 7) in mice iicated with PPMK107. 

S The one exception is case of the U87MG experiment (cxpaimcni 1): Although only one 
of 9 tumors treated with PPMK107 oomplelely regressed, two moie vinis-treatcd tumors 
showed regression of 32% and 20% and two more viius-iicated tumors had slower growth 
than all 8 tumors treated with saline control. Tbmor regression was virtually absent in the 
saline control treated tumors: in all these experiments (A through I listed in Table 7) only 

•0 one of 73 control tumors showed regression. "Dicse results indicate that diverse tumor types 
showed responses to intratumoral PPMK107 licatmenL 

To exainine vims rcplicadon withhi ihc tumor, immunohiatochemical staining for viral 
andgen (using a monoclonal antibody against the ND V P piotcin) was performed using the 
subcutaneous HTIOSO fibfosarcoma modeL Within 30 minutes of intranunoral injectign of 3 

^ X lO'PFU of FPMK107, the tumor dssoe was negative for viral antigciL However, by day 2 
post neatment. intense immunostaining for viral antigen was seen wttMn the tumor, 
indicating vuus replication within die tumor. Importandy. vims i^lication was specific for 
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the tumor tissue suice the neieJiboring connective tissnie and skin was negative for viral 
antigen. 

TfcWe7. JTMKlOTIntMtaiiiorrfTrMtmMiiofSubciitaneousH^ 
Xeoogntb (<10 miD and >5 mad in Atliynilc Mice, 



Tumor 


TuDiDrType 




Dose 


N 


Complete 


Complete-!- 












RagrBSsion 


FartlBl 














K^renlon 






A 


3.00E + 0S 


22 


11 


11 


HTIOSO 


FibfOSSfComa 


B 


3.0aE-h08 


9 


8 


8 






B 


3.0OE + O8 




8 


8 


PA-1 


Ovarian 


D 


3^ ^08 


9 


9 


9 




Carcinoma 












KB 


Orel 


E 


3.00£-i'08 


12 


7 


10 




Catcinoina 












5KMELS 


Melanoma 


F 


3,O0E+OS 


8 


5 


7 


A37S 


Melfinoma 


G 


3.00E-I-08 


8 


5 


7 






H 


3.0QEH-08 


1 


I 


4 


U87Mg 


Glioblastonia 


I 




9 


1 


i 



10 



Use of PPMK107 for du Intrav^us TreatBmit of BEunan Tnnwr Xmografls (<HJ 
Uun and >5^ nun) In Atiijrmlc Mice. 

Athymic mice were Iniected intrBdennally witii 10 million iiunian HTlOBO fibtosarcoma 
cells. After ciunois reached a size nngp from between 5 and 8 nsm. a innavenous injection(s) 
of PmKlO? or saline were made. Aa ahown in TAle 8. at tfie irigtiest vinis dose level (1 x 
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10* PFU) complete tumor regression was seen in aU seven imce. Single iigeedons of 3 x 10* 
and 6 X lO' resulted in regression rate* of over 90%. While a single IV injection of 3 x 10^ 
gave only a 55% raw of tumor regression, thnc IV injections u this dose level yielded a 
100% rate of ««poiBC. Mice treated with IV saline exUbitBd no evidence of tumcH- 
«gies«ton. *n«sc lesults indicate that subeutaneoos HTIOSO tumors are very responsive to 
IV treatment with I*t>MK107. 

Tables. PFMiaOTIntrevaioiisTreatnittitorSiibcutannwHainanOT 



Dose 


SchediUe 


N 


Compkle 
Regression 


Complete -1- 

Partial 
Re£iiBsiioii 


% 

RegresBion 


lJX)Ei-09 


One 


7 


7 


7 


100% 




One 

Iqicction 


10 


9 


10 


100% 




One 


11 


10 


10 


91% 


ZOOE+07 


One 

Ifijecrion 


11 


5 


6 


5S% 




Injcciions 
every ocher 
diy 


7 


5 


7 


100« 


Saline 


One 

Injection 


10 


0 


0 


0% 


Sa&oc 


Three 

Injocdons 
Every Other 
OSfty 


6 


0 


0 


0% 
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Example 4 

^ f^lExpwimeiuBMnglWfflttOTrorliiliatiii^ 
1^ Melanoma Xenografts In AtbjmicMke 

2 5 Athyniic ttBce were injected intradennaUy with 10 milUon A375 human meUnoma cells. 

Ten days later, tumon of various sizes were treated with a single injection PPMK107 (doses 

ON <>f3xl0\9xl0',BndlJxltf'mj)orialine. ForthosenmMfwithasingleljwgest • 

O '*''**^™ono to 11 mm. aU nine wo^letdy regressed in ras^ 

5 tteatment with these doses <rfPPMK107.whUc of those tnmois with a single laiaest 

y '*«™'^««of8to9.5nnn.lwdveoutof24completBlyrcgr»sedinie8iKmseiovi^ 
g (P<0.008; Table 9. section A). No tutnor i^ression was seen in any mouse tieaiBd with 

saline. 

These some ittmors when sorted by tumor volume also indicated ahigh pereeniagc of 
complete regression in those of larger tumor volume. In nsponse to these doses PPMK107. 
5 complete regression oecwied In 14 out of 17 nimors widi volumes >300 tarn' (range of 304 
to 397 mm') and in 7 out of 1$ tumors with volumes <300 mm' (lange of 144 lo 295; P 
<0.023; Table 9. section B). 

these results indicate that tumors at least I cm in length or 30O mm' in volume weie at 
least as sensitive, if not mom scnsiUve, to immumoFal PPMK107 treatment than smaller 
9 tumors. 
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Tabte9. IninrtumoralEPMKl07Tr«at^ 
Xenografts. 



A. TiBDMj Sorted Bj»eJ OP the SfagkLto^Itotoirfim 



Tieal 



PPMKtO? 
PPMKX07 
PPMK107 

Tool 



Dosage 



1.5 xlO^ 
3.0x10^ 



to93nmL 



8 
8 
8 

24 



Complote 
lUgrtSfitoii 



2 

7 
3 

12 

0 



25% 
88% 
38% 

50% 

0% 



Tomor DfanriiftoBC 10 io 11 1 



N 



Coittpletie 



100% 
100% 
100% 

100%' 

0% 



R. Ttamon sorted Based on dWHunarVoluBtt 



PPMK107 
PPMK107 
PPMKI07 

Toul 
Saline 



Dosage 



UxlO^ 
3.0x10* 



Tumor VobuBs; <3d0i 



6 
4 

6 

16 



Complete 
Resressioo 



2 
3 
2 



33% 
75% 
33% 

44% 
0% 



TtomorVolmiie: >300iiim' 



N 



o- I^<0.008foccoiivl«efeenaaonintfielVMK10710iolliM 
mm atalcd ^Qop. 

6- P c 0.023 fccompleio regression in the PPMK107-toeatod >30^ 
mued <300 msn? PFMKI07-ireaced grxn^i 



Complete 
RegresrfoB 



3 
7 
4 

14 



60% 
100% 
80% 

82%^ 

0% 



d>»PPMKl07 8lD9^ 



group vemis the PPMK107- 
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^ iSecond Eiq>erimeiiC Udng PPMK107 forlntmtumoral Treatment of Large AJ75 

1^ Mdaooaia Xenografts In AttiymlcMkfc 

Treaanent consisted of vadous doses of PPMK107 (3 x 10» PFU. 3 x lO'. 3 x lO', and 1 J x 
^ 10») or saline. For bunoa 10 to 11.5 mm in anglelaig^t dinieimon. complete or imtial (at 

g '^'^*)'««^«» occurred in all 28 tumore treated with PPMK107 using 

^ contrasi to no regression in any of the 8aKn»«Bated mice (Table 10, section A). 

r;j 0 ^'^^cse same tumors were soitad by tuniorvolnine.au 26 tumore greats 

O mm' (range: 309 to 525 mm') regressed completely or partially (at least 50%) in response 

(SI PPMK107 in contrast to none of the saline treated mice (Table 10. section B). 

Tliese results confirm that tumors at least 1 cm in length or 300 mm' in voluns are 

sensidvc to inmuumorai PPMK107 treatmenc 



m 



to 



COMS ID No: SBMM)1158839 Received by IP Australia: Tune (Han) 17:19 Date (Y-M-d) 200»O3-10 



iO/Od 05 17:18 FAX 61) »669 9099 



F.B. RICE * Co. 



iaos4 



o 
o 

o 



OS 

o 
o 

(N 

in 
o 
o 



90 



TaMelO. In»«u«««»UPimia7TVeataentofIi»tradenirt 
Xmografls. 

A. *^«»«10t»UJ™(KM«BMrf„tf»sl.lgI.I«8«IHmew^ 





Dow 


1 


Complete 


% 


CotepklB^ 
Pftllfftl 


% 






7 


7 


100% 


7 


100% 






r 


6 


86% 


7 


i00% 




3.0x10' 


7 


5 


71% 


7 


100% 




3.0x10* 


7 


5 


71% 


7 


100% 




AUPPMKi07C2ioups 


28 


23 


82% 


ZB 


100% 




Sklins 


6 


0 


0% 


0 


0% 


B* Tkun 


VIS > 300 mnP (corM 


Bucd on tlM l^mor Vohime) 




Tx 




N 


Cooipiete 


% 




% 












PutU 








7 


7 


100% 


7 


100% 




ajOxlO" 


7 


6 


86% 


7 


100% 






6 


4 


67% 


6 


100% 




3J>xlO' 


6 


4 


67% 


6 


100% 




All PPMKl07Gnnips 


26 


21 


Bl% 


26 


100% 




Saline 


5 


0 


0% 


0 


0% 



TlnrdExperinmrt Using i™k107 for Inlr«tiiino»ITV«^^ 
Melanoma Xenografts in Atfaymic Mice. 

Tumors v,^ established as in Example 4 nineteen day, after tun«r cell inoculation. 
Ifttratumoral beatment consisted of various doses of PPMK107 O x lO". 3 x lO*. 3 x 10*. 3 x 
1&. 3 X lO*. 3 X 10* PFU) or .aline. For tumor* 12J «, 14 nnn iB single Lagea '^Biaa^on 
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^«*^^**<><»«'^«««»icctreatedwith3xlO«^ 

g treat minois with a dngle laigest dimension of 10 to 12 mra (volume range: 320 to 600 W; 

^ 5 «*^^'«»^*"'°«^«venof8mlceexWbLtcdree«s«onofat ' 

for aggression of at lost 25% companrf to the saline treated mice which «hibited no 
ON regressions. Table I IX Regressions of « least 23% for tumors of length 10 to 12 lam tumon 

O **«*^«^Sn«i'»«««»««d'vith3xlO«IW.3xlO»PFU.3xlO*PF^^ 
O '»«»«<«f<w«nicetrBaie«lwhh3xlO»mJor8alineCTablell). 

g 10 ^»««"J'*««finnthattum«5«leastlctninleiigthor300mm'invo^ 
O sensitive to intratnmoral PFMK107 txeatmenL 
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§ Exanmle? 

(N 

FourOi ExptrinuDt UsiDS PPMK107 for Inlratumoral TreaHnnt of Large A375 



O 5 



Mebiuura Xenografls in Athymic Mke. 

Tumors of larigest dimension 10 lo 12 mm wm estaUuhedas in Example 4 chineeD days 
after tumor ceU inoculation. Iniratamoral treamiciit consisted of a single injection of 3 10* 
Q>^ PFU of PPMKI07 or saline. Vdomes of those tumors treated witfi ITMK107 mnged ftom 

Q 295 a> 600 mm' (averagp tumor volume of 437 mm'). Gfoups of mice in each treatment 

^ 8n»V^»««cuihflnizcdondays0,2,3,4,7,andl4fortimiorhisto Forthosemice 

^ 0 observed for a minimum of 4 days, eleven out to 12 mice treated with PPMKlOr? exhibited 
O regression of at least 25% compared to none of 8 in the saline ^up {P<0.0001 , Table 12). 

At 2 days after PPMK107 treamient* two wmors already exhilnted signs of regression but the 
degree of regression was less than 25%. 

^ Example 8 

Fifth Experiment Using PPMK107 for Intratumoml Treatment of Large A375 

Melanoma Xenograns in Athymic Mlc& 

Ttoiore of largest dimension 10 to 12 mm were established aa in Example 4 twenty days 

after tumor eell inoculadon. Intratumoial treatment consisted of a single injection of 3 x 10* 
0 FRF of PPMK107 or saline. Volumes of those tum<ws treated with PPMK107 tanged ftom 

361 to 756 mm^ (average fumor volume of 551 mra^. Nine out of 10 mice treated with 

PPMK107 exhibited a regressitm of at least 25% compared lo none of 10 in the saline gxwip 

(P<0,000L Table 13). 

E3minplB9 

5 First Eaq>eriment Using PPMK107 for Intravenous Treatment of Large HT1080 

Fibrosarcoma Xenogrvfls» 

Athymic mice were iifjected subcutaneously with 10 mUlion HTIOSO human 

fibfosaremna cdU. Six days later, tumors were treated widi a single infection PPMKiO? (at 

a dose of M x 10* PFD) or saline. Fbr those tumors 10 to 11 mm hi smgle lai^ 
0 dimension, five out of six tomois completely or partiaUy regressed in response to a single 

intravenous injection of ITMKIO? compared to none of the saline treated tumois CTbble 14. 

P <0.025). These results indicate Uiac tumors at least 1 cm in length are sensitive to 

intravenous PPMK107 treatment 
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Table 14. Imraveiious Treatment of Swtcntaitt^ 
Xenografts in Athymie Mice. Tumor Site m tO-U mm. 



Tiuuiieni 



PPMK107 



Stiine 



DOM 



ISB*€9 



N 



StegTMSioa 



IF 



Complett+ Partial 
Rcgitssioa 



83' 



" P < 0,025 (by Flsher*texBC(tesi) for conplelc or partial regrcssioii(^ In itoPPMKlO? 

treated group conpared to aaline eroup. 



Specific Qeailng of PPMK107 Infection from Normal but Not Tumor Cell*, 

In order to exmnme the mechanism of tumor-specific killing by NDV strain PPMK107, 
representative tumor ccU$ were chosen based on the following criteria: a) ability to fonn 
tumois as xenografts in athymic naicc; b) the tumor xenografts are specifically killed in vivo 
following Bdmlnistiation of PPMK107; c) die turoocs cells exhibit killing by PPMK107 in 
viirt at virus concentrations diat are several logs bdow the concentradon to kill lesisiant, 
nomial cells; and d) tumor cells must be easily distinguished fn»» the nomia) ceUs when 
present as a couture. 

Xenograft tumors comprised of KB head aitd neck csiuinoma cdls exhibit 83% complete 
or partial regression in leqxmse to a single Intranjmoral injection of PPMK107, are more 
than four logs more sensitive to killing by PPMK107 in vitm dian are normal primary skin 
fibroblasts (CCD922-5k), and are easily disdnguished from CCDP22-sk cells when present as 
a co-cultuie. 

Accordingly, co-cultures of KB and CCD922-sk cells were infected at a multiplicity of 
infection (m.o.i^ the ratio of virus added per cell) of 0.0005 and the course of the infeciion 
followed for 5 days by immunohistochcmical staining for a viral andgen (NDV P pnjteinj. 
Wiecdon of normal cdls peaked at 2 days with little or no apparent cell dea* as dcicmrinBd 
by visval inspecuon of the ceU monolayer. On the ddid day post-infection the amount of 
viral expression in die noimal ceUs decreased significantly, while infection of the tumor cells 
was cleariy ^ypatent. The amount of wal antigen virtually disappeaicd to die normal cells 
on d^ 4 and 5, while the infection In die tumor eells pn>gmsEed r^dly through Uie tumor 
cell population resulting in destruction <rf die majority of die tumor cells present in die co- 
culture. 
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O injected aiuleMflydeaiedllMiii^^ 

^ withtheana-vinUeffectsoflFN. ThBtiiniorcdliw«eunabtetoesiabHahananti.vindsta^ 

^ by the unabated 

O 5 

1 — I 

Emmnle 

CCD922.sk Cells. 

o 

g The hypothesiB that interferon was mediating the ability of CXn»22-slc ceU* lo dear the 

^ 10 hrfectioi. of PPMK107 was tested. Polyclonal neutralizing antibodies to human interfeion-a 
^ or human intctfeion-B. used alone or in combination, were added daily to cultiinss of 

O CCD922.ak cells infected with PPMK107 at an moi of 0.0003 and the pregress of the 

iufsction followed for three days. The amount of viral antigen present in die cells incicased 
In proportion to the concentntlon of neutraJIzing antibody, with the effect of the anti- 
15 aaiibody being nwtetnatkeddtan that of t^ 

consirteni widi repoits that fibroblasts produce pndontiinattUy the beta form of interferon. 

The abtltty to make Oie normally insensidve ceHs mote suso^Ue to infeciion with 
PPMK107 dtraugh the additioq of neotraKzing antibody to interferon supports ttw hypodiesis 
Aat a key djffetence between ifae seraitivi ^ of nonnal and tumor cells to killing by 

20 PP*K1071iesintheabilityofnoni»Ice!Is.botnottuinorodls,toestabUshanl^^ 
mediated antt-viral response. 



Example ^ 

DwDonstnition that Interferon^p is an Important Compontnt of Vlial Ckwiog in 
23 Other Norma] Ceils. 

In this experiment. It was determined that another normal cell (NHEK. noimal human 
q>idielia} celk) known to be quite resistant lo killing by PPMK107. was made more sensidve 
dttough die addition of polyclonal anti-inteiferon-p antibody to a cultim of infected cells. 
NHEK (nonnal htanm qridielial knattnocyte) cells were infected at an moi of eiUier 0.0005 
30 or 0.0S and had antibody added daily over five days. 

hi d» eultims infected at the low oioi (0.0005). antibody dependent augmentation of viral 
antigen expression was clear at Rve days post-jafection. bat was less dear earlier in die 
ejipeiiment Antibody addition to culuies infected widi FPMKI07 at an moi of 0.05 resulted 
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O maiziaikediiK:reasemvijra)Qndgcmat4and5dayspost-tDfM^ At 2 and 3 days post- 

^ infection the addition of neutralizing andbody resulted in less accumulation of viral antigBn 

^ (Fifrl). 

^ The culture supemaiants ftom the higH moi samples ivece also dHated for the arocnmt of 

1-H 5 infectious vims present by plaque assay on human HTIOSO fibrosarcoma tumor celU; the 

standatrd assay systm in our labonatoty. Results from this mdysis demonstcated that a five 
0\ days post-inflBcdcm time was 19-fold increase In the amount of infbcdous virus in die 

O andbody-traated cultures reJaiivc to mock-ticated controls (Fig. 1). 

Inese results suggest a genenl mechanism by which nonnal cdls are protected fiom 

^ 0 IdUing by ITMKIOT through an tnierferon-related mechanism. 

O 
O 

^ Example 13 

Compari^n of the Effect of InterfenwP on PPMK107 Infeeiioii in Tumor and Normal 

Oils. 

5 A comparison of the effect of exogenously added inierfoion-P on the tnfecdoh of normal 

(CCD922-sk) and tumor ceils of high (KB) or intermediate (HEpa) sensitivity FFMK107 was 
perfoimed. Separate cultures of the three cells were treated with incerfcron-p at 20, 200, or 
20)0 units/ml 1 day pre- and 2 days post-infccdon at an moi of 0,0005. 
At 3 days post-infection xte low level of viral antigpn expression present in the normal cells 

10 was eliminated at all doses of interferon used. Conversely^ the addition of inteifeion to the 
highly sensitive KB tumor cells at concentrations of 2 or 200 units/ml decieased relative 
levels ot viral antigen expression 2-fold, widi cmiq>lete suppression at 1000 units/ml 
intecferon. The intennediately sensitive UEp*2 cells responded to the exogenous interfiBron 
by dealing viral antigen expression at all of the interferon doses used (Fig. 2). 

5 The pattern of sensid vity in the KB and CCD922-sk cells to the end-viral ef&cts of 

exogenously added interferon-^ was tnveisely proportional to the ^sitl vity of these ceUs to 
killing by PPMK107. The ability of the HEj>-2 cells to respwid to die efift:cts of interfemi 
mdicates that these cells are able to efficiently utilize the concentrutiong of interferon used in 
this experiment Similarly, the response of the KB cells to die high doses of inteifemn 

^ suggests di at the inability to establish an interf eronnnediated anti^viral refuse does not 
result from an absolute defea in die interferon pathway, buc rather a relarivc insensidvity 
compared to normal ceOs. 



COMS ID No: 5BMI-01158845 Received by IP Austi^: Tvne (Hm) 17:21 Date (Y*M-d) 200&O3-10 



10/05 05 X7:X4 FAX $1 d 9639 2951 



ei009 



o » 

EfTed of Low Conceatmtioos of Ioterferoii-0 on the Infection of Normal and Tumor 
g OdIsbyFPMKlO?. 

^ In this expeiiincnt nomial (CCD922-sk} 2nd Qimor (KB) cells were treated with low 

3 concentrations of mterferon-^ (0.2, 2, and 20 imits/ml) 1 day befote and 2 day* posi-lnfection 
with PPMK107 at an moi of 0,05. 
^ Under these conditions the normal cells experienced a doae-dependent decrease in the 

Q amount <rf viral aniigian. while the relative levds of vind antigen in the tumor cells waa 

O unaffected by the addition of exogenous interferon (Ftg. 3). 

in 0 

o 

O ExamnlelS 



PPMK107 Purification 



Method A 

PPMK107 was denved from ttie mesogentc Newcastle disease viiu^ strain Mass^MKlO? 
by iriple plaque purtilcation. Approximately 1000 PFUs (plaque forming units) of Uve 
PPMKIC7 were inoculated into the allantoic fluid cavity of each 10 day old embryonated 
chicken egg. After incubation at 36°C for 46 hours, the eggs were chilled and dicn the 
allantoic fluid was harvested. Cells and cell debris were removed from the allantoic fluid by 
centrif^igation at 1750 x g for 30 minutes. The clarified allantoic fluid (supernatant 
containing virus) was then layered oyer a 2Q%fSS% discontinuous sucrose gradient) and 
centrifuged at ^proximately 100,000 x g for 30 minutes. The purified vims was harvested 
from the 20^55% interface and dialyxed against saline to remove the sncmsc 



another advancag ;ou6 embodiment. 



10 



Method B 
b 

After thawing, die fluid 
materia) wa$ removed 
minutes). This materia 
the uhracentrifuge as above. 



the elarified allantoic fluid was frozen at -7d^C. 
was maintaiiwd at 1 to 4^ overnight and dien the contaminating 

the virus suspension by means of centiifiigation (17S0 x g for 30 
was further processed using the discontinuous sucrose gradient on 



f om 
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Ui Method C 

a 

^ In anQther advantageous embodiment, ultracefttrifagalion on the discontinuoiu suciose 

^ gradient was accompUsbed by means of a continuous flow ultracentzifiig^. 

^ 5 

Mi^dD 

^ In snodicr advantageous embodimeat* harvested allantoic fluid is diluted with a buffer 

O conimning 5% msnnitol and 1 J0% Ulysine. pH 8.0 (ML bufTcr) and Is clarified and 

O exchanged with ML buffer by tangential flow filtration C^FF) duou^ filters with a ncnninal 

10 poce size of 0.45^. The permeate containing the claiified vims m ML buffer is collected and 

O 

O vinis is purified by TFF through filters with a tKuninal cut-off of 300,000 dalcons in ML 

^ buffer. The concentrated, purified vims in ML bisff^ is coUeetad as the retentate from this 

step and is again diluted with ML buffer before being applied to a Sephacryl 5500 
(Pharmacia) gel permeanon column equilibrated widi ML buffer, Fnictions containing 
15 purified vinis are collected, pooled and can be reconcentrated by TFF through filters with a 
nominal cut-off of 300,000 daltons widi ML buffer. 



Results 



20 * aonal Virus 

After gencradon of Pt'MKlO? by plaque purification, eight individual molecular clones 
£rom the population of virions were found to have an idendcal sequence (e.g, a homology of 
100%) of over 300 contigaous nucleotides widiin the fusion pioiein gene of ND V. 
PPMK107 Is a clonal vinis with a high degree of genetic homogeneity. 

25 

* PFU/kngprotebi 

One quantitative means of measuring purity Is by determination of a FFU/mg pratetn. 
The activity of the virus preparations was determined by the plaque assay method using 
HTiOSO and the protein content of the virus preparations was deiemiined using the Modified 
M) Lowrey Assay (Bio-Rad, Hercubs, CA) with bovine sennn as the protein standards. Hi^ier 
values iiuhcaie a greater level of purity. Using Method A, PPtJ/mg values of at least 4.8 x 
10^^ were achieved (see Table 15). Using Method C, FFU/mg protein values of at least 2.0 x 
10^^ were achieved. For a mesog^c strain of NDV, a literaoire value for this measurement 
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of purity has not been found. The bc« estimate for a mcso^c strain of NDV is the viius 
preparation (M>V Maa«MKl07, lot RU2. piepared as in Faabci^ KS and Peeples. ME. 1988, 
J VUol 62t586; and Bratt, MA and Rubin. H. 1967. Virology 33:598-608). This RU2 lot was 
found to have a PHttng of 1 J x lO'PFU/mg of protBin. The purity values achieved by 
Method A are approximately 40 times better than what die Pe^es method achieved (see 
Table 15). 

* Ptordde per PFU Ratio 

Anodier quantitative means of meatuiing purity is by detemtinatkm of a iMie of particles 
pciPFU. Lower values indicates greater levd of parity. Partkle counts were done by 
electioA microscon^ using standard methods. Usfag either Method A or Method B, particles 
per PFU values near one weic achieved CTabk IS). 



Tablets. Virus Purity 









PFU per 


Panicle 


Vims Preoaiation Method 


Virtis 


Lqt# 


mg protein 


oerPFU 


Preferred Method A 


PPMK107 


U 


4.8x10" 


0.80 






U 




NT" 






LS 


6.6x10'" 


NT 






L6 


7.7x10'" 


0J5 






L7 


6.1x10'" 


NT 


Piefened Method C 


PPMK107 


1X904 


2.0x10" 


0.32 






DOOS 


4^x10'" 


0.S2 






DOlO 


4.4 X lO'" 


NT 


Prefeired Method D 


PPMK107 


RD2 


5.6x10'" 


NT 






RD3 


5.0x10'" 


m 



NT, Not Tested 
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^ Virus piqpantions using Mediods A and C also penning 

<^ subscantiaUy free of cmtaminatizig egg pioteiM. For tbc PPMK107 lot 7 preparati<u using 

NfcthodA ovalbumin, was not dacciable in a Wcrtern Wot using (1) 1.7 xio' PFUof 
^ punfied vims per well (33 cm in width) nm on an SDS-PAGB (sodium dodec)i sulfate- 

5 polyacrylamide gel elecuttplunesis) gel (I nun thick); (2) a nitiocellulose roemloane fot 

transfen and (3) rabbit anti-ovalbumin (Cappel rabbit IgO finaction at a 1:200 dilution of a 4 
0^ mg^ml antibody concentration). For PPMK107 prqiaratiODS using Method D and analyze by 

O SDS-PAGE followed by silver scatning, no band cotreqianding to ovalbuimn was observed. 

O 

5^ 0 ExftmplU^ 

O CTMK107 Treaiment of Ascitcfr-rorming ES-2 Ovarian Carcinoma in Athymlc Mice; 

Oa In this expcrinwnt, all of the athymic mice (fanale« NCR nu/nu, 8 wec)cfi oJd) weic given 

an inciap&riioneal injection of 10* ES-2 cells. Seven days later before ascites had developed, 
they were treated intrapcritoncalJy with saline or PPMK107 (at 1 x lO' FPU), As shown in 
.5 Hgurc 4, there was a markedly iinpiDVed survival in the animals treated with PFMK107 
compared to saline. The majority of the mice in the saline treated group had developed 
ascites by seven days post-treatment and by day 38, all of diese animals had died. In marked 
contrast. 92% of the mice txeated with PFMK107 were stfll alive by day 38 and 25% of these 
animals wcrs long lean survivors (>120 day survival). 

K> 

Eatatfiolfel? 

PPMK107 Treatmeni of ES-2 Ovarian Carcinoma la Athymic Mke When Ascites b 
Pr^ent. 

In this experiment, all of Ac athymic mice (female, NCR no/nu. 8 weeks old) were ^ven 
.5 an intraperitoneal injection of 10* ES.2 cells. Fourteen days later when die majority of mice 

had developed aiscitcs, the mice wirhout ascites were exduded and the mice widi ascites were 

randomized into 7 intraperitoneal treatment groups (PPMK107- one treatment on day 0; 

PPMK107- two treatments for the fim week; PEMK1D7- one treatment per week; 

PPMK107- two treatments per week; saline- one treatment on day 0; saline-two treatments 
0 for die first week: saline^o treatments per week). A dose of 1 x lO' PFU/mousc was used 

for each virus treatment All of the mice before the first treatment and any additional 

tieatmaits were drained of the ascites fluid. 

ITie degree of ascites was quantified and noted as follows: 
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Ascites 
Scon 


Degree of Ascites 


1.0 


AsixDAl ^Tpem oonnB}- little or no ascites present 


2.0 


Abdomen slightly distended; animal is capable of nonnal functions 


3,0 


Abdomen distended; ammal is slow-moving, hunched with a stagg^Ml 
gait. 


4jO 


Abdomen completely distended; animal moribund 


3.0 


Death after ascites development 



Aft shown in Table 16, all of the aaline-treaied animaia had more advanced asdies than 
the FPMKl07-tieated anlmsds on both days 7 and 10. On day 7 post initial ticaiment, each 
the saliiie group had ascites acoies above 3.S while all of the PPMKlOr7-tieated animals had 
ascites scores at 3.0 or below. Similarly on day 10 post inidal treatmaiu each che saline 
group had ascites scones above 4.5 while all of the PPMK107-trBQtBd animals had ascites 
scores at 4. 1 or below. These results indicate that ascites fluid production was maikedly 
decreased in vltus-tTeatfid animals compaied to saline concitda* 



Table Id. PPMK107 Treatment of ES-2 Ovarian Carcinoma In Athymic Mice When 
Ascites is Present 



Tieaiment 


# of Mice 


Ascites Score, Day 7 


Ascites Score. Day 10 


SaBnexl 


12 


4,3 


4.7 


Saline x2 


12 


3.7 




Saline x2 per wk 


12 


4.3 


4.8 


PPMKIOTxl 


17 


3.0 


4.1 


PPMK107X2 


17 


13 


3.6 


PFMK107xlperwk 


17 


2.6 


2i( 


Pn^i07x2perwk 


17 


12. 


3.6 
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Use of a Desendtidns Dose of PFMK107 to Reduce the LetfaaBty of a Subsequent Dose 
ofPPMKlO?. 

C37BL/6 mice (seven weeks old) were injected intravenously on day 0 with either saline 
or a dcscnsiUzing dose of FPMK107 (3 x PFU/mouse). Two days Isier each 5el of nrice 
weie further subdivided into groups for intravenous dosing with saline or PPMK107 (at doses 
of I X 10^, 2.5 X lO' , 5 X lo', and 1 1 10^° PFU/mouse). As shown in Table 16 below, when 
saline was used to pretreat the mice» deaths were recorded in the mice subsequently dosed 
with 2.5 K 10* , 5 X 10^ and I x 10^*^ PFU. The doses of 5 x 10* snd 1 x 10^* PFU wcie 
100% lethal to the mice precccatcd with saline. In contrast, no deaths were seen in any group 
of mice given a desensitizing dose of PFMK107 on day 0 fe^wed by PPMK107 iiuecdon 
two days later aldose levels up to 1 x lo'*^n^. These data indicate that FFMK107 can be 
used to desensitize the lethality of subsequent dosing with this same agent* FurthennoTDs the 
maximal toletatod dose of PFMK107 can be raised by an approximate order of magmtuda 
when using this vixus as a desensitizing agent. 



Table 17. UseofaDesaasltiaingDoseofPPMKlO? to Reduce the LeCbaUtyofa 
Subsequent Dose of PFMK107. 



Group 


IqfectkmonDayO 


DoseonI}a)r2 


«of 


#or 










Mke 


Deaths 


Lethality 


1 


Saline 


Saline 


8 


0 


0 


2 


Saline 


mouo7. i.(m*m 


8 


0 


0 


3 


Saline 


PPMK107.2.5B*09 


8 


3 


38 


4 


SaHne - 


PPMK107, 5.0E-f09 


8 


8 


100 


5 


SaUne 


PFN4KI07, l.aE4-10 


8 


8 


100 


6 


PPMK107,3E+08 


Saline 


8 


0 


0 


7 


PPMK107, 3E+08 


PPMKI07, 1.0E4O9 


8 


0 


0 


8 


PPMK10r7.3Et«8 


PPMK107.2.5E+09 


8 


0 


0 


9 


PPMKIQT, 3E408 


PPMiUOT. 5.0E4O9 


8 


0 


0 


10 


PPMK107, 3Ef08 


PPMK107, l.OE+10 


8 


0 


0 
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FTiimplAl9 

Slower IntraTenous Ii^ecdon Rate Reduces tbe Toiddfy of FFMK107. 

Twcn^ two athymlc mice (8 wtoks old) were anesthetized wiih a comUnatioii erf 
Icetamine/xylazice and placed into a restianer to help inhibit their movement daring the 
injection process to allow fear either a slow or rapid injeciion of PIMK107. For the alow 
injection group, 0^ mL of 4 x lO' PFU of PPMK107 in saline was injected intravenoudy 
over a 4 minute period vwth 0.01 mL ^ven every 10 to 15 seconds. The rapid injecdon group 
received the same dose and volume but over a 30 second period. As shown in Table 1 8, the 
animals icccxving their dose of PPMK107 over 4 minutes had half as much maximal weight 
loss (reeended on day 2 after dosbig) as the animals leceiving the same IV dose over 30 
seconds. These lesults imScate that PPMK107 has less toxicity and is safer for intravenous 
administration when injected at sudi slower nues. 

Table 18. Slower IV InJecUon of PFMKIO? Results in Reduced Tosdclty. 



QrDup 


Length of Time 
That Dose was 
Administared 


# of Mica 


Maximal Percent 
Weight Loss 


Rapid Injection of 
4E409 


30 seconds 


11 


12% 


Slow If\jection of 
4Ef09 


4minute8 


11 


6% 



Example 20 

Useof FPMK107 In the Treatment of Patients withAdvanced Cancer. 

PPMK107 is cunendy being tested in a phase I clinical trial in the U.S A. by the 
intravenous route. To date, a total o[ 52 padents with advanced solid tumois, no longer 
amenable to established therapies, have been tteated with PPMK107. Seventeen of tb^e 
patients have received a single dose for the initial treatment course. Thirteen other patients 
iwve received three of the same doses per week for one week for the initial treatment course. 
Twenty-two more patients have received three doses per week for one week for the initial 
tieatment couise with the first dose a desensitizing dose of 12 billion FFU/m' and the two 
subsequent higher doses of between 24 to 96 billion FFQte^ The sizes of eadi patient's 
timKiis were followed once per months Patients with at least stable difieaseGcss than 25% 
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increase and less than 50% decxease in the sum of the products of all measunble tumois in 
the absence of any new lesions) were eli|^Ie for ad£tionai ncatinent courses each month. 

Regreadnns of IniityMiml Tumor^ fa C ancer Patkntai 

RogteMions of iBiflWdual tmnois were observed in 3 patienia (one in thg rin g^» ontf. 

regiDMn, one patieitt in the i^eat same dose regimen and three patients in thexlesenatizjng 

dose legimea; Table 1 9). A bigh» rate of tuniar regreuion (16% of patients) was noted in 

those receiving hi^ second cod thini doses as part of the dcaendtizing nginiai ttu^ 

patients received dvee of die same doses in the tqteat same dose leginien (8% tumor 
regression). 

Table 19. Regression of Individual "nunors in RitieiitB with Advanced Cancer 
using PPMK107. 



Regimen 


#of Patients 
Treated 
at this Dose 
Level 


#of Patienrs 
withTizmor 
Regressions 


%of 

Patients 

with 

TUinor 

Regression 


Types of Cancer 

wiihTtimor 

Regression 


Single Doss 


17 


lofl7 


a% 




Repeat Simc 

Dose 


13 


lofl3 


8% 


BrvasiCttKcr 


Desensitizing 
DoBe 

folknycdby 
Two Higher 

DOSBS 


22(19 
evaluated) 


3 of 19 


16% 


Mesothdtoma 
McUDoma 
Colon Cancer 


Total 


52(49 
evaluated) 


Sof49 


10% 


Aft noted sbove 



These cases ate summarized below: 
(A) Tumor Regrgsrfon of a Palpq^le CAlon Metastarij; 

A 68 >ear old woman with colon carcinama had a palpable abdommal tiroor among her 
widespread metastases. After a stogie W treatment with PPMK107 at 12 hilKonPFU/m^ 
this patient experienced a 91% xegressiOA erf this single abdominal wall tumor over Che coiuse 



COMS ID No: SBMI-01158845 Recefeed by IP Australia: Time (H:/ii) 17:21 Date (Y-M-d) 200&O3-10 



1 0/M ta IT; 16 PAX 61 3 9 839 2951 



SI017 



o 
o 

o 



ON 

o 
o 

(N 

o 
o 

CM 



10 



67 

of two weeks (Table 20 below). Measurements of the tumor one day after dosing (3.75 x 3 
cm) were similar to the baseline measuienients of 4 x 3 cm. However, by day 7 post dosing, 
the tumor had decreased in size to 2 x 2 cm and continued to decrease in size to 1.5 x 1.5 cm 
by day 14 after PPMKI07 dosing. Previous to PFMK107 neannent, this tumor mass had 
been rapidly growing with a 106S% increase in tumor volume in the two weeks befOK 
PPMK107 doising. TiuspatiBntwastakenoff study because of increased growth of the tmnor 
elsewhere 

Table 20. Sxe of Palpabb Abdominal Wall Tumor in Fatlent #123 (68 year idd Female 
with MelMtatie Colon Cardnona) Afln- a Sln^ IV PFMK107 Dose of 12 BUIion 
PFU/m*. 



Date 


Time After 
Dosing 


Tmnor 

Dimensions 

(LxW^cm') 


Tiunor Volume 

(O^xLxWx 

cm*) 


% Rcdtfctfon 

faiT^iiBor 

VohOM 


7/23/98 


DayO 


4x3 


18. 




7/24/95 


Day 1 


3.75x3 


16.9 


6% 


7/3(V98 


Day 7 


2x2 


4.0 


78% 


8/6/9& 


Day 14 


lJxl-5 


1.7 


91% 



B> Regression of a Chegt Watt Tiimor in a WomBn with Breast Cancer 
15 A 58 year old woman wjth breast caidmma had a palpable chest wall mass s^paieni to 

visual inspecrion. During her second couxse of PPMK107 treatment with three doses of S.9 
billion PFUym' , her chost wall cuak^ mass by visual and palpable inspection dBCieaaad 
-*90%. This patient was taken off study afinr her thiid comae of therapy because of 
growth of the cancer elaewhexet 

20 

O Begresgion of Abdominal Tumors in a P^tknt with Pe ritoneal Mesothctioma 

A 46 year old man with peiitoneal mesothelioma had three large (8 to 10 cm) masses 
regress 50%, 42% and 10%, respectively, after his first course of PPMK107 treatment 
consisting of a desensitizing dose of 12 baiion FFU/m^ followed by two doses.at 4S UQlon 
25 PFU/m2. His other remaining laigeuimor mass (9.8 cm in size) remained ataUe after 



COMS ID No: SBMUll 158845 Received by IP Austr^ia: Time (Hm) 17:21 Dete (Y4l-d} 200&O3.10 



10/03 *05 17:16 FAX 61 5 9639 2851 



@018 



in 

O 68 

^ tat course of ncannenu Hiis patient is cuntnfly still on study. His jnost lecent CT scan 

stilt indicated slgoificant tumor regression of at least 30 to 36% from basdhie for two of his 
^ metastases and overall disease stabilization. 



^ 5 m Regression of Metastetic Tumors in a Pattent i»ith Melanoma. 

A 37 year old man with melanoma bad two tumor masses coxopletely rcgiess after hia 

^ tatcouxseofPPMKiO? treatment consisting of a dcBcnaitizing dose of 12 bilUonPF^ 

Q followed by two doses at 48 tnllionPFU/ni2. The two nunon which disappeared after 

O PnnKIO? tieadnent were a palpable grwi mass of 1 cm in size and a small long metastasis. 

^ 10 Thtspadentwastakenoffstut^becauseof increased growth of the tumor dse^xd^^ 
O 

O Contiimisd Regrefiaion of T^r^r Afriastasis in a Patient with Colon Cancer, 

^ A liver metastasis in the caudate lobe of a 7^ year old man with colon carcinoma 

regressed 59% after his fiist course of PPM1C107 and regressed 97% after his second course. 
Treatment consisting of a desensitizing dose of 12 billion PFU/m^ followed by two doses at 
(5 72 billion PFU/m^ At baseline before treatment, this tumor measured 3 x 3 cm (tumor 

volume of 13 J cm^ based on a x L x formula). After his flrst course of PPMK107, it 
decreased 59% lo 2.8 x 2 cm (tumor volume of 5.6 cm^). Three weeks after his second 
coune of PPMK107. this same tumor mass in the caudate lobe was reported as measuring 3 x 
0.5 cm (tumor volume of 038 cm^), a 97% decrease from baseline. 

» 

Stablilzatlm of Cancer 

Twenty one other patients, all of whom pveviously had tumor piogiession wich . 
eonventiona] cancer therapies, have exp^enced benefit in the form of stabilization of their 
advanced cancer after FPMK107 dosing. These patients with stable disease represent those 

iS with diverse types of cancer including icnal cancer, pancreatic cancer, breast canc^, bladder 
cancer, diolangiocarcinoma of the gallbladder, and lung cancer. Included among these cases 
are the following: (1) seven month stable disease in a patient with renal cancer (2) seven 
month stable disease in a patient with lung cancer, (3) five month stable disease in a patient 
with pancreadc cancer, (4) five month stable disease in another patient with pancreatic 

iO cancer; (S) ongoing 3 month stable disease In a patient with renal cancen (6) ongoing 2 
month stable disease in a patient with cholangiocarcinoma of the gallbladder. 
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^ BeductioD in Pain Medication 



One patient lU (he sin^e dose 5.9 billion FFUfjr? dose level ha& benefited firom 
PPMK107 tieaunent in the fbnn of symptomatic relief of cancer pain as denoted by a 
^ reduction in narcotic pain medication* 

Desenritizfttion 

^ In the desensitizing Teglnien« a clear desensidzing efGect ftom the first dose (at 12 faiillpn 

O FlV/m^) is seen on subsequent doses within that sanxewedc. In general, fhei^yotted side 

O effects fitun second and third doses have been of lower incidence and milder, even when 

1/^ these doses ai« 2 to 8 titnes higher(flt between 24 to 96 Inilion FPU/m^) dm the fint dose. 

§ For oiample, while fever has been zepotted in 6K% of patients (indudhig 9% widi a grade 3 

^ fever spike) after the first dose, it was only reported in 32% iji patients (none with grade 3 

fever) after the second dose and was reported in only 5% of patients after the third dose* As 
anocher example, chills were seen in 50% of the patients after the first dose* 1 8% of the 
patients after the second dose, and in only 14% of the padents after the third dose. 

As another example, in the repeat same dose study, the Rrst 4 patients in tliis miiJttdose 
tieatment regimen (dme doses of 5.9 billion PFU/ni2 per week for one week) had fever afnr 
the first dose in sj^ie of receiving prophylactic antipyretic treaimBnt with acetaminophen and 
ibuprofen. The ma|ority of these panents had no fever after lecdving the second and Aiid 
doses, even in cases In which they did not receive antipyieticsi^ There is therefore stnmg 
evidence diat administration of the first dose in the thice times per week schedule Teduces the 
toxicity for the second and thlid doses. 

Dosing llirough Neutmliziiig Anlibodks In Senim 

Using die dose range in diis phase I study (^3.9 billion FFU/m^, there is also clear 
indication thai one can effectively deliver virus to patients even if they have generated 
neutralizing antibodies. A 72 year old woman with pancreatic cancer at the 12 billion 
PFU/m^ single dose level hos hod stable disease for 2 raondis since beginning PPMK107 
trcatmcnL A second couise (condsdng of a single IV dose of I^PMKIO?) was adnnnisiere " 
one month after the fizst dose when the patient had produced neutralizing antibodies in her 
sermn. Seven days this second course, her mine wa& positive for PPMK107 at a titer of 
at least 40 FPU per noL. 
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g Addbional evidance indicating that antitumor efficacy is achievable using die (lose ranges 

'"*'^*n«'fe5.9bimenPFU/m*) in spite of the presence of 
^ ^*^3»«oWwoiiianvdlhhieattcaiicerth8tlttdjp^ 
1^ ^■•"ctloiidiBcusaiiigtimoriBgrcssioiuIier chest wdlnrnjorinasamp^ 

O 5 second coarae of flimpy. TTjwefitoocciiiredbetvi^ 

coutae. Bt a time in which her antibody had a titer of 1 :256 (ai the bcghmine «f w«ek S) and 
^ . rose to >1:2560 <by the beginning of week 6). Further evidence that viros can be <fe]ivered 
g to this patient io spite of the piesence of neuttaKzinga^ 

g postivc urine sample (20 lo 40 PFU/tail) aeen at the end of week 5 (when her baaebne mine 

fsl 0 « the beginning of week 5 had been negative). 

O T^ese naulig indicate that the neutralizing antibodies to PPMK107 hi these patients' 

^ semm wa* not able to completely inhibit die vlius nor the vinis'a antitumor efficacy with a 

second lieaiRient course. 



Samniaiy of CjWaxleSty Assay ResoUs with Newcastle Disease Virus PPNJROAKIN 

Human aimor ceUs and noimal cells wete grown to appioximately iiO% confluence in 24 
wen tissue cuIbiTB dishes. Orowdi medium was removed and FPNJROAKIN. a plaque 
purified clone of tite mesogenlc Neweasde disease vims stnin New Jeisey Roakin- 1946. was 
added in 10 fold dilutions nmgh^ ftom lO' plaque fbnnnig units (FFU)^wll to 1 PFU/wcJl. 
Controls wells with no vims added woe included on each plate. Vinis was adsorbed for 90 
minutes on a rocking piatfonn at 37«C. At the end of the incubataon peiiod. Oe vjial 
dilutions were removed and replaced by 1 ml of grow* medium. Plates we» titen incubated 
for 5 days at afc in 5% C02. Cytotoxicity was quantified by using a colorimeiric IkfTT (2- 
r44-dimeihyltfiiazoI-2-ylI-24-diphwiyI ictrazolium bromide) assay (CeU Titer 96. eatidog 
#04000. Piomega Corporation, Madison WI 53711) monitored at 570 nm. dm detects 
mitochondrial enzyme sciiviiy (Mosman. T.. I983. J. ImmunoL Methods 65:55). TTie 
viability in die vims treated wells was expressed as a peteent of die activity in untreated 
controlwells. Tl»e data was plotted graphically as FFU/wdlvt viability as a percent of 
conttol. 'n»IC50wascaIculatedasihe«mouniofvini»inlW/wencaiisinga50« 
reduction in the amount of viable cells. 
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TaUe2L Suimiiai^ of CytDtoxidly Assay RbsoUb with IVISU^ 



CellTvDC Cell Line 




Hhrossicotnfi 


HTIOSO 


13.8 


Head and Neck 


KB 


2.4 


Caicmama 






Nmnal Hbroblast 


CCD922sk 


1^x10* 



These xesults show that FPNJROAKIN demonsintes mlno^selecti v« killing cf at least 
two different human tumor cells (HTIOSO and KB) lelative Co noimal sUn fifaioblasts. The 
IC50 values for die two tumor cell lines are between 800 and SOOO-foId lower dian that for 
nonnal ceils. 



10 



15 



20 



25 



Example 22 

Stimxnary of Cytotoxicity A&say Results with Newcastle Disease Vlrm PPCONN70726 
Human tumor cells and normal cells were grown lo approximately 80% confluence in 24 
well dssue cuiture cHshcs, Growrfi medium was lemoved and PPCONN70726, a plaque 
purified clone of the meso^enic Newcastle disease vims strain Connecticut 7a726-15M6. was 
added in 10 fold dilutions ranging from 10^ plaque forming units (PFUy well to 1 PHJ/well. 
Conlmls wdls with no virus added were included on each plaie. Vims was adsoited ior 90 
minutes on a rocking placfomi ai 37^C. Ai die end of the incubation period, the viral 
diludons were mnoved and leplaced 1^ 1 ml of growth medium. Plates weio Aen incubated 
for 5 days at 37®C in 5% C02. Cytotoxidly was quantified by using a coloiimetric MTT (2- 
[4>dimBthyttfaiB20]-2-yll-2^-dipheoyI tetrazofium faromsds) assay (Cell Titer 96. catalog 
#04000, Promega Coiporadon. Madison Wl 3371 1) monitored at 570 nm, that detects 
mitochondrial enzyme acdvity (Mosman, T., 1983, J. ImmmioL Methods 65:55). The 
viability in the virus treated wells was oqiressed as a percent of die acdvity in untreated 
control wells. The data was plotted graphically as PFU/weJl vs. viability ai a percent of 
control. The IC50 was calculated as the amount of virus in FFU/well causing a 50% 
teducdoD in die amount of viable cells. 
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Table 22. SummaiyorQKtotoxidtyAsHQrResidU witfaPPCO^ 



Head and Neck 
Caianoma 
GlioUastoniB 
GUoUastoma 
Monnal Rbroblast 



Cfeli line 



UB7MG 

U373MO 

CXn>9228k 



18J 

12.7 
879 

7.3 X 10* 



These results show thai PPCONN70726 deimmstrates timiar-selective killing of at letat 
three different human tumor celk (KB. U87MG. and U373MG) relative t6 noroal sldn 
fibrobJasts, The IC50 values for the two tumor cell lines are between 80 and SOOO-fold lower 
than that for nonnal cells* 



Imratutnbrai Treatment of HT1080 Fibrosarcoma XeDOgrafts in Athymle Mice Using 
PPMK107, PPNjaOAKIN, or PPCONN7<r72«. 

In this experiment, athymtc mice (female, NCR nu/hu. S to 6 weeks old) received a 
subcutaneous injection of lo' HTriOSO ftmior cells. Four days later when tumois leached a 
size range of6 ID 8^ mm, mice weie treated intratumoraily with saline, PPMK107 (at 1 ;c 
l€F PFU), PPNmOAION (at 1 x lO* PFO), or PPCONN70726 (at J x 10^ FFU). As shown 
in T^le 23 below, tumor regmssion was noted in mice treated with these thiee viruses 
(PPMKI07, PPWROAKIN. and PPCQNN70726), After PPMK107 treatment of 12 mice, 
four experienced cttnplete tumor legiession and six experienced partial regression. After 
PPNJROAKIN treatment of 12 mice, one mouse experienced complete tumor regie&sion and 
two experienced partial regression. After PPCONN70726 treatment of 12 mice, three 
experienced complete tumor regression and two experienced partial regression. No tumw 
regression was noted in any of the animaU wated with saline. 
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TaHe23. Rei««lQnofirri080HbPMar«»BiaTW,in Afl^ 

Treatment wtlh One of Thwc Virnses (PPMKIW, TOWIAB^ 
£ach at a Dose of 1 X 10* FFU. 









Treatment 


« of Mice 


Partial (fR) 


Complete (CR) 


PR + CX(%) 


PPMK107 


12 


6 


4 


10 (83%) 


PPNmOAKlN 


12 


2 


1 


3 (25%) 


PPCONN70726 


12 


2 


3 


5 (42%) 


Saline 


11 


0 


0 


0(0%) 



Effecte orPHVOaOT, PPNJROAKIN, PPCONN707Z6 After Int««r*ral Injection in 
immunodeflclent Athymk (nu/nu) and Imnmnoeompetent Hetenoysote (mi/+) Mice. 

Rfty-six alhymic mice (nu/nu) and 56 inmuinocompetem beteioxygote (nu/+) mice weie 
8i wn stereotaxic fntncerebrel injectiona with either saline. PPMK107. PPNJROAION or 
PPOONN70726. Eight addltie^d mice of cad. type we« used a. «nt«atedeontn,l.. Vf^ses 
««cus«latoncof two dose levels (2x lO^r 34 x lO-PPUAnowe). Aa shown m TaWe 24 
bdow.aii of the teteRayBOten«(+ mice neated with ead, of tto three 

Itvclssun/ived through day 39 with the exception of one moose at the lower PPCQN^ 
dosekvelthatwaseuthanizedfornon-neiirologicaloyropioina. Adiynucnti^ 
seated widi either PPMKl 07 or PPCONN7a726 had agmficandy le« survival than die 
heterozygotes. TWs was especially mie for the highest PPMK107 or PPCONN70726 viras 
do«c of 3.3 X 10* PFU/mousc where only 13% (1 of 8) of the ad,ymJc anin^ds in each viiu, 
group s«vived dnDogh day 39. In contrast, there was 75% stmd val of die PPNJROAKlN- 
tiwted Bdiymic mice at dii. same dose IcvcJ 0.5 x PFU/mouse). These dau indicate diat 
PPNJROAm « better tolerated in die teah» of adiymie mice dian the other two 
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Tabl»24. Survival of Mice FoUowiBglDtneenbrallDjecttoii of PFMK1C7, 
FPC<»iN70726, and PPNJROAKIN 





Intmnnial IiUection 


#orMloe 


% Survival 
atDajr39 




.Untreated 


8 


100 




Saline 


8 


100 


nu/+ 


PPMK107, 2E404 


8 


100 




PPMK107, 3.5E406 


8 


100 


nu/-f 


PPCONN70726, 2E-^04 


s 


88 1 


nu/+ 


PPCONN70726, 3^+06 


8 


100 


nu/+ 


PPNJROAKIN. 2E+04 


8 


100 




PPNIROAKIN, 


8 


100 










nu/nu 




8 


100 


nuMu 


Saline 


8 


1(H) 


nu/nu 


PPMK107,2E^ 


8 


75 


nu/nu 


PPMK107, 3.5E+06 


S 


13 


nu/nu 


PPCONN70726.2E4O4 


8 


75 


nu/hu 


PPCONN7Cr726, 3^+06 


8 


13 


nu/nu 


PPNJROAKIN, 2E^ 


8 


100 


nu/nu 


PPNJROAKIN, 3 JBt06 


8 


75 



Summiiiy of CjFtotoxtcltr Assay Hesults irttii Slndbb Vlnw PPSINDB]S-Ar339 

Human tumor cells and nonnal cells wto grown to approximaidy 80% confluence in 24 
well tissue culniic dishes, Growth medium was removed and PPSINDB1S-Ar339. a plaque 
puiified clone of Sindbis Ar.339 was added in 10 fold dilutions tanging from 10^ plaque 
forming units (PFUywell to 1 FFU/welL Control wcUs with no vims added were included on 
eachplate. Vinw was adsortjed for 90 minutea on a locking platfonn at 37^^^ Atdieendof 
the Incubation period, the viral c&lucions were removed and replaced by 1 ml of gtowth 
mKfimn. Plates were then incubated fca: 5 days at 37^C in 5% 002. Cytotoxicity was 
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quantified by using a colanaietiic MTT (2-[4^-diiDed)]dihiazol-2-yl]-2^-(iipbeny) 
^BEoUum bromide) assay (CeO Hicr 96, catalos #04000. Promega Coiporaiion. Madison 
WI 5371 1) mfnutored at 570 itm, that detects jnitodniadrial enzyniB activity (Mbonan, T., 
1983, 1. ImmunoL Methods 65:55). The viability in the viius treated wells was expressed as 
a peroait of the activity in untieatBdconiiDi wells. The data was plotted gfB|iUcflIly as 
PFlX^ven vs. viability as a percent of ooniral. The IC50 was caleulaccdtt the amount of 
virus in FFUAvell causing a 50% reduction in die amount of viable cells. 



Table 25. Siuninaty of Cytotoxicity Assay Results with PrS]NDBJS>Ar339 





Cell Line 


ICntCFFV/Wfin 


Pancreatic Carciixmia 


Panc-1* 


69 


Colorectal Carcinoma 


SW620» 


13 


Colorectal Cardnoma 


SW14d3 


1.8x10* 


Non-snail celt Luog 






carcinoma 


A427 


>lxlO» 


Non-small cell Lung 


A549 


5Jix 10* 


cardnoma 






Renal carcinoma 


A498 


2.4x10* 


Renal carcinoma 


Caki-l 


3^x10* 


Fibrosaicoma 


HTIOSO 


7.4x10* 


Nonnol Keratinocyte 


NHQC 


2.0x10* 


Nonnal Fibroblast 


CCD922sk 


1.6 x 10* 



* Cells known to ovoexpress the mRNA for the high affinity landnin mceptar. 



The cellular rcccpicr for Sindbis vims on mammalian ccUs is the high affinity laminin 
receptor, that is expressed mainly on cells of epithdial lineage^ but i$ often overatpi^ssed in 
many metastadc cancer oells lilce the Panc-1 pancreatic caicinoma line, and the SW620 cokm 
edenottocananoma cell line (Campo et aL. (1992) Am. J> Pnthol- 141, 1073-1083; Yow et 
al.» (1988) Proc>NfltlAead,<jgj^ 85, 6394-6398). In contrast* Ifae rectal adenocaidnama cell 
line SW1463 is known to express veiy low levels of high afiinity lanunia receptor mRNA 
(Yow et al.,.(1988) Pm, W«l Awd Sffi- 6394^98), and is more than 4 older of 
magnitude more resistant to kiUing by FPSINDBIS*Ar339 than S W620 cells. These results 
demonstiate that c»I)s that are tumorigenic and express high levds of the Ugh affinity 
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■ are more senMUve to killing by Sndbis Qone I>PSINDBIS-Ai339 than other 
tumor or nocmal cella. 



Emiiip1b26 

VSV Killing of Tamoriaaie and Non-Tumorlgenlc Cdb Id tht Pkvsene* of Inteiftran. 

Id 96 M«dl platen tuiwwigenic KB and HTIOTOcdls (3 X 10* (»lb perw^^ 
tufflorigailc WKH cdte (2.5 x 10* cells per well) m soededin the pr^ence of serially 
diluted inteifeion-a lansing 6om 2800 to 22 Umts/ml and aUowed to inculnia for 24 houis 
at 37«C. The cells woe then infecBd with vesicular stoniafilis virus CVSV. Indiana strain) at 
an moi of 10- Controls were included f6r cells without interferon, and celte without 
interferon or vims. n» cells were incubated at 37* for 24 houra. Cytotoridty was quantified 
by using a colorimetric MIT (2-(4.5Hiiniethylthjaa,l-2.ylJ.2.5-diphcnyl tetrazolinin 
bromide) assay (Cell Titer 9«, catalog #C34000. Promcga Coiporadon. Madison WI 53711) 
monitored at 570 nm. that detects mitochondria! enzyme activity (Mosman, T.. 1983, J. 
tonninoL MedMjds 65:55). Tbe viabiUty in the vim, treated wells was expressed as a peicent 
of die activiQr in control wdls not receiving viiuf. 

TnMe26. Ctmiparisoa of ilie Cell fflningAcflvitypr VSV In CeHs Treats 
Exogmoos InterfeniD. 





IVrcenl Viable Celk 




VWSH 


HTtWO 


KB 


OU/mllFN 


0 


0 


0 


lOOU/mllFN 


50 


6 


0 


lOOOU/mllEN 


95 


20 


12 



u» TO V u aoie 10 selectively taD nmior cdls deficient in 

inteifenm lesponsivcness (see Eunplc 27). WISH ceUs (human amnion cells) are a ;vell 

e»h*HshedceU line for the use in interfBron Koas«ya because of tf^ 
efficiently to inteifenms. 



In terferoo ResponsivBiieaa fai CeUs SmS&w or Keaktant to jBUDng by PPMKIO?. 

Lidividual cell lines were grown to nearconflueocc hi 96 wdl miooiiter plates and 
treated with between5and5000U/mlofIFNaAfor24houis. Tlw culture, were ibeo 
infected with PPMK107aiannio. of 1.0 andcuteiredforanadditional24hourH. Following 



C0MSI0Na:SBM»0115B845 Raceiiied br IP Australia: Time (H:m) 1721 Date (Y-M-d)200&O3-10 



10/03 1 7: 19 FAI gl ^ 963 9 2651 



ia027 



to 
o 



77 



O chonical fixation, the amount of viral expression was quantified by immunohistochexnistry 

^ vang a soluble indicator dye. The anwunt of vini$ growth is repiesentdd as the percent^ 

^ antigen exfiiessed i^adve to control cells untreated with interferon (Figuie S). in this assay, 

^ intcifenmiespoiuive cells manifest at least a 50% dec^ 

1-H 5 interfenm. 

The results ot this experiment show a strong eozrelation becwean the rBSifitanea of the call 
On line to Che antiviral effects of exogenous inietferon and ihe relative sensitivity of die cell to 

O UDing by PPMK107 (indicated by the ICSO value shown m parentheses next to the ceil line 

O >>Bine in the graph legend, see Hguie 5). For exanq^le, following preireannent with S U/ml of 

lyr^ 0 interferon, 6 of 7 (86%) cell lines nonrcsponsi ve to interferon are sensitive to killing by 
^ FPMK107; when pietieated with 500 U/ml of interferon, all(4 of 4) of the noniesponsive 

^ cell lines are sensitive to lolling by PPMK107. 

The da£a above also present an example of a screening assay to identify candidate cells 
that are likely to be sensitive to killing by PPMKiOT or other intciferon-sensitive viruses. 
JS For exaxnple, infected cells expressing significant (e.g^ more dian 50% of controls) viral 
antigen following preireatment with exogenous Intertoon would be coosJdeied interferon 
deficient and thereby sensitive to vind oncolysis^ 

^xamtile:^ 

:o Use of a Desensitizing Intravenoua Dose of PPMK107 to Reduce the Lethality of a 
Subsequeot IntraperHoDeal Z>ose of PFMK107. 

Mice were injected intravenously on day 0 with either saline or a desensitizing dose of 
PPMKI07C3X lO^FFUAnouse). Two days later eadi set of ndce woe further subdivided 
into grotqjs for tmrapeiitoneal dosing with saline or PPMK107 (at doses of 1 x lO', 2^ x lo' 

ss t5 xlO^ and Ix 10^^ FFU/itmse). As shown in Tsible 27 bdow, when saline 

pretreat the mice, deaths were recorded in the mice subsequen Uy dosed wiih 2.5 x 1 o' , 5 x 
10^ and 1 X 10^^ FPU. TTie doses of 2J x lo', 5 x 10* and 1 x 10*^ FPU wne 25%, 50% 
and 100% lethal, respectively, to the mice preneated wiA saline. la contrast^ usmg en IV 
desensitizing dose, no deaths were seen in the 2^ X lo'andSx lO^FFUgroops andonlya 

10 38%aiortallty wasseeninthe ix lO'^FPUgnnipof mxee. Thoe data indicate diat 
Pn^l07 given by the intravenous route can Ise used to desensitize the toxicity of 
subsequent dosing of aoother route (nansely in this exan^le, Ae intraperitoneal route) with 
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this same agent. Fuithennoie, the maximal toieratcti inoapcritofteal dose of PPMK107 can 
be raised toy approximAiely S-fold wHen usirg tins viius as a desaisidzing agent. 



TaUe27. Uw of a Desensitizing Intraiww Dose <rfPFMK107 to Reto 
Lethality of a Subsequent Intraperitoneal Dose oT PPMK107. 



ON 

o 

1 — I 

o 

<N 

o 
o 



Gfonp 


VICT a n ra^f .. — » A_ 

lY I]\Jectioii on 
HavO 


IF uose on nay 2 


vol 
Mice 


w%n 
Deaths 


IB 

LcthaHty 


1 


Saline 


SaUne 


8 


0 


0 


2 


Saline 


FPMK107. IJSBm 


8 


0 


0 


3 


Saline 


PPMKl07.2^Bt09 


8 


2 


25 


4 


Saline 


I¥MK107. S^409 


8 


4 


SO 


5 


Saline 


PPMK107. l.OE+10 


8 


8 


100 


6 


PPMK107,3£4O8 


Saline 


8 


0- 


0 


7 


PPMK107. 3E+08 


PPMK107. l.OE+09 


8 


0 


0 


8 


m4K107.3E40B 


PPMK107. 2.SE+09 


S 


0 


0 


9 


PPMK107.3Bfa8 


vsyanLtn. 5.0Bt09 


8 


0 


0 


10 


KPMK107, 


miKlOT. 1.0Ef 10 


8 


3 


38 



ExamDie29 

Use of a De^siifaing IntraTenous Dose of PPMK107 to Imireafie Uie AntitemDr 
Efficacy a Subsequent Intraperitoneal Dose of FPMK107. 

10 In this example, athymic mice with visually apparent ascites tumors derived from the ES- 

2 buman ovarian carcinoma cell line were treated with inoapcnumeally with PPMK107 
cither with our without prior intravenous desensstization two days previously with 3 x lo' 
PFCAnouse. As shown in Table '2S. ctBitnd mice nested intr^ai &>neaDy with saline rapidly 
died from ascites tumors with only 8% surviving by day 9 post tveatinent Administering the 

15 maximum tolerated dose of FPMK107 iotr^eritoneally incnased die survival peicentage to 
46%atda3r9. Usin^ IV desensitization. higher IP doses of PFMK107 5U(^ as 2.Sx 1^ . 
S.0 X 10^ PFU can be tolerated and lead to almost a doubling of survival rate (83% and 79%« 
respectively) when coropBicd to diat achievable with the highest dose (1.0 x 10^ PFU) 
without desensitizatibn. 
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Talib2& Sui^val of Mice «iUi£S*2 Human Ovarian Cax^onm Ascites Tonioisafta' 
Intatperitoneal PPMK107 Treatment 



IPTreatmeat 
Group 

(PFUAnoue) 


Survival (Day 9) 
Desensitization 


Survival (Day 9) 
With IV DesnsitizatSoii 


Saline 


2 out of 24 (8%) 


3 out of 24 (13%) 


1.0E4O9 


11 out of 24 (46«) 


11 out of 24 (46%) 




Dose Above MID 


20 out of 24 (83%) 




Dose Above MTD 


19 out rf 24 (79%) 



d- Don ibove MTO withotn deseniiti^^ 

Example 3p 

Anti-Recotnbinant Murine TNF-alpha Antiserum Blocks IV Letbaltty of PPMK107 In 
Mice 

In this example, groups of 16 female C57BU6 mice were dosed intravenously with 5.0 x 
10' PFU of FPMK107. Five houis previously different groups of 16 mice received dther and- 
iccomhhiam miinne TOF-alpha fintisenun (ITO uJ ftorn rabbits diluted 1:10 with saline), the 
equivalent amount of conirol ttbblt serum or saline. As shown in Table 29 below, the 
IcthaKty of PPMK107 at this itose is completed blocked using the tablet antiserum against 
murine TW-alpha. 



TBbfe29. Mortality ofMlcePtetreatedwIthAntf-BecomblnantN^^ 
Antiserum Before TV Dosing with 5ilE+09 of PPMKlb?. 



PV7ei Dose 



2^Bf09PFU/mouse 



Saline 



Ctetcol Rabbit Scrum 



Anti-iTNFalpha Antisenmi 



MbrtaUty 



5 out of 16 



7 out of 16 



Oootof 16-a 



a- MortslliysigdfficamlydiffaBm^ 
ExsctTest). 
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^ P°'«'«ti'>^"^"nn]YTn-mii, 

^ ^™'^<rf«^»n«'RNAvini5es were purified by adierul^^ 

O 5 ***0"tPeUcdngorbyseqi»rtiBltt»gBoUdflowfflwdoiLFdrpu^ 
following methods: 

^ iO NCethod 2: As in Medtod D of Example 15. 

m 
o 

O Mtthod 3: Vwo cdls at approximately 70% conflocnce were infected at an moi of 0.01 

andjncubated atST^Cfor 18hoc«. m fJasks containing the infected celUwc« frozen at 
-70"t. ^oell were thawedMioomlBinpemtupeandUtoimaintainedonice until harvest. 
For harvest, the cells wem scraped into Ae media present during the infection and clarifledat 
1750 xgfor30 minute, at 4'a Tte clarified supematanis were pooled and Iwd over a 
20%f5S% diseontinaous gradient and centrifuged at approximately 100.000 x g for 30 

imnutes. Theparifiedvin»wa»harve»tedfh»mthesuciose20%«SS%inierfi«»anddi^^ 
against caJciwm^ and ffia£nesiinn.finBe FBS to remove the sucrose. 

The acUvity of ri„. vims preparations was determined by the plaque assay method using 
HTIOSO cells forNewcasUe disease virus and Vero cells for Vesicular stomatitis strains. 1*0 
pnjtein content of the virus preparations was detennined using the NanoQrange Ptotein 
Quantification Kit (Molecular Probes. Inc. Eugene. OR) with bovine ser«n albumin as the 
protein standaid* 



.5 
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lUiIeaO. S^|eciacActli%ofaNuitiberorC]analRNAVlni«esPli^^ 
Dttmentrlfagadon without Pdletlng or Tangential Row nttr^n. 



Vinu 


Virus done 


PnilflGatl 

on 
Method 


Spedfic 

(PFDAng 
protein) 


Newcastle disease-MK107 
BCnin 


PPMK107 


1 


1.3E+11 


Newcastle dU we-MKl07 
strain 


PPMK107 


2 


i.OE^lI 


Newcastle disea$d>Roakin scraiii 


PPNJROAKIN 


I 


LOE^-11 


Newcasde disease-CoroiH strain 


PPOONN70726 


1 




Veskular Sionutitis-liuliana 
sitain 


PPVSV 


3 


4.5E+* 



These reaults demonstnte the abUity to purify different clonal UNA viruses to bigb 
spedflc activity using the methods described in this invention. 



Sibdbis VinismiNDBIS.Ar339 Causes Ttamor lolubition in Athymlc Mica with 
Human Tumor CeU Xenografts. 

Athymlc mice were injected sobcutaneously with 10 million SW620 hmnan 
adenoc-fcinoma tumor cells. Five days later the tumon (average size = 78 mm*) weie treated 
with a single injection of PPSINDBIS-Ar339 (10 mice, S x 10» PFU) or saline (9 mice). 
Tiimor size and mouse weigtat were measwed twice per week mitil study tenninntlon. By die 
twetfih day after treatment the avenige tmnorstze of the saline ireamd mice had iiKreased by 
an avenge of B96% (from 71.3 nun* to 639.1 mm*). 
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Table 31. lutratumoral treatmuit of SW620 Colon Adenoiardiionia Hunan Xenografts 
wiA PF»NDBIS-Ar339. 



1 Time Post 
TVcatmmt 


Tamor Growth 
Infubiaon' 


5<bya 


89% 


9 days 


90% 


12 days 


S7% 



% iticitase control group 



These dala show that a rix^e injccdon of I7SINDBIS-Ar339 results In significant nimor 
growdi inhibition contparcd to treatinent with saline. Ticatment with PPS]NDBIS-Ar339 was 
also well toleroted by the mice as evidenced the absence of wd^ loss in either the saline 
or vims treated groups. 



Vinises Belonging to Unrelated Families Have Similar Activli/ on Human Tumor Cell 
Lines. 

Cytotoxicity assays were peifoimed with the 5W620 adenocBicinoma cell line and 
E^'MKIO? (Paraniyxovirus family} orFPSlNDBIS-Ar339 (Togavims family) as described in 
Eiumaples 1 and 25 (see Fig. 6). These two unrelated viruses use distinct receptors to enter the 
host cell and rqilicate by mechanisms luiique to each virus. Nevertheless, the response of the 
SW620 cell line to infection by these two viruses is remarkably similar iocfieating that the 
mechom'sros of tumor cell IdUins by diese viruses share c(»nmon dements. 



Example 34 

Use of PPMK107 In Combination with Cbonotherapy for the Systenue Ticatroent of 
Human Tumor Xenografts in Atfaymic Mice 

Athymic mice were injected subcutancously with 10 million human BTTIOSO fibrosarcoma 
cells. After tumors reached a size range from between 5 and 1 mm. mice were randomized 
into treatment groups* Mice received intmperitoneal bijcctions saline vehicle on treatment 
days 0, 2 and 4. PPMK107 at a dose <^ 2 X 10^ FFU or saline vdiicle was adn^nisteied by 
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bmavenous injecdan on testment day 2 only, one hour after the inlnpeiiiomal injecdoii. 
Caroboptatin (caibo} u a dose of leo mgflcg was admlnintted by intnpeiitoReal injection on 
treatment day 0.2, or 4 as indicawL The percent of each group with complete regression 
(CR) and partial regression (PR) Is Amm, Each tnotment greiip had 9 tumar-tmaing uaee. 



as 
o 
o 

o 
o 



Table32. PPMKlO? in Combination wllhOirtoptottii for tteSyttenifcTrt^ 
Subcutaneous Human HTIOSO FUmnBrooma Xenografts in Alhymie Mice. 


Treatment 


CR+PR(«) 


Saline, days0,2aiui4 . 


0 


I'PMKl07,day2 


44 


CBrbo»dayO 


0 


Carf)o,day2 


11 


Cait)o,day3 


H 


PPMK107,day2 
Carbo,dayO 


67 


CarbOydayZ 


78 


PPMK107,day2 ~ 
CulM>,day4 


55 



These resuitt in Table 32 indicate diat subcutaneous HTlOSO tomois are responsive to IV 
•iMtment widi PPMK107 and diat addition of cazbopliitin two days befote, the same day. or 
two days after PPMK107 ueatment resulted in a iiigi^ pereentiige of umor regression (CR + 
PR) dtan eidier Pn«0ClO7 alone orcaiboplatin alone. 



EKainiile35 

Second Experiment on the Use of PfMKlO? in Cosnbination with CarboplatiQ br the 
Systemic Treatment of Human BTIOSO Tumor Xenografts in Atliymic Mice 

Afliymic mice were iiyected subcutaneously with 10 miinon human HT1080 fibrosarcoma 
cellsa8inEMmplB34. Mcu received inlraperitoDeal ii^ccdons caroboplatin (carbo) at a 
dose of 80 msfks « 120 mgncg or saline vehicle on treatment day 0 followed by intnvoious 
injection of PM^OT (at6» 10«or2xl0' ITU) on treatiiieni day 2. The pea^^ 



COMS ID No: SBMMM 1SBB45 Received by IP Aiotaia: Tone (Hsn) 1721 Date (Y-M-d) 200M>3-10 



10/03 '05 17:21 FAX 61 9 9630 2051 



@034 



o 
o 



84 



group with complete regression (CR) and panial regresBion (PR) ia shown. £ach treatment 
gioup had 9 tumor-bBaiing nice. 



ON 

o 

1 — I 

o 

o 
o 



Tab\» 33. PPMK107 io Gunbliiaaon «lth Carboplat&i for th« Systentc Tnalment of 
Subcntaneous Human HT1080 ilbrosareoma XcnognRs In Athymle Mice. 



Treatment 


D099 


CR-fPR(«) 


Saline 




0 


FPMKIOT 




22 


FPMK107 


2£44)7PFU 


56 


Caxbo 


SOmg/kg 


33 


Carbo 


120iiig/kg 


22 


PPMK107 
Carbo 


6Ef06PPU 


78 


PPMK107 
Cbrbo 


120 mfiOcg 


44 


FPMK107 
Carbo 


2E407PFU 
80rog/kg 


07 


PPMKIO? 
C2xbo 


2E+07PFU 
120nie/h£ 


100 



Hiese results in Table 33 indicate that subcutaneous KTIOBO tumors are responsive (o IV 
treatment witfi PPMK107 at each dose level and that addidon of caiboplatin at either dose 
level two days before PPMKl 07 treatment resulted in a higher percentage of turner regression 
(CR + PR) than ^tfaer PPMKI07 alone or carboplatin alone. 



Exampty^g 

Third Experiment on the Use of PPMK107 In Combination with Carboplatin for the 
Systemic Treatment of Human HT1080 Tumor Xenograft^ to Atfaymic Mice 

Adiymic mice were injected subcutaneousJy with 10 milUon human HT1080 fibrosarcoma 
ceils as in Example 34. Mice received inaaperitoncal injections catoboplatin (carbo) at a 
dose of 60 mg/kg or saline vehicle on oeamKnt day 0 foUowed by intravenous injection of 
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PPMKI07 (at 6 X 10* PFU) on oeatmcDt day 2. The pcrccDt of each group with complete 
regression (CR) and paidal regiessioa (PR) U Shown. Each treatment group had 9 tumor- 
beating mice except for dw caiboplatin only gpoap which had 8 mice. 

I^le 34. PFMK107 Id CdnUiialiDn with CartHq^hitin for the Systemic TrMtment of 
Snbcitlaiteoiu Humaii HTIOSO Flbrasarootm Xew^afts In Athjinic Mice. 



Tmlmtiit 




Saline 


0 


PPMK107 


44 


Carbo 


25 


PPMK107 
Cubo 


89 



10 



Hiese resulcs in Table 34 indicdtft than subcutaneous HT1080 tunum tan responsive to IV 
ticfimicnt with PPMK107 and that addition of cazbopladn two days before PPMK107 
treatment xesulted in a higher penrentage of tumor regiesMon (CR -i- PR) than eidier 
PPMK107 alone orcarbopladn alone.- 



E3tflniple37 

Use of a Corticosteroid (Dexaniethasone) to Reduce the Leth&iit}' of ad Intravenous Dose 
IS orPPMKlO?. 

Female athymic nrice (six to seven weeks old) were iiijected inttaperiioneally on days 0, 1, 
2,3 Bnd4 with either dexamethasone (one group at a dose of 25 mg/kg and aiK)the^ 
10 mg/kg) or saliRc AU aziiisals were given an intravenous dose of PPMiQO? (3 x lO' 
PFU/nxouse) on day 2 (one hour following the IP dose of dexam^hasone or saline). Mice 
were observed and the lethality tabulated in Table 33 below. 
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Table 35. Use (rf^DexamBthasone to Redaoe the LethaB^ at an Inlraveaotu Dose «r 
FFMKIO?. 



Gronp 


IP Traatment on 
Days 0 j;S3faiid 4 


XV Treatment on Daj 2 


LethaiUy(%) 


1 


Dexamethasone 
(25ing/kg) 


pmdKIO7.3.0E4O9 


7 


2 


Dcxainethasone 
(lOmgAcg) 


PPMKl07.3.aE*09 


0 


3 




PPMK107, 3.0E409 


67 



The PPMK107 dose of 3 x 10^ was lethal to 67% of the mice pven saline control IP 
dosing. DcxamcihasouB mariodly leduccd lethality due to PPMK107 with only 7ft mortality 
observed In the anlsnab given 25 mgfkg and 0% mortality observed in the animals given 10 
mgflcg. These data indicate tlua a coiticosteioid like dexatxicthBsone can be U5^ 
the toxicity of an intravenous dose of PFMK107. 



* ♦ 4k 

The foregoing is intended as illustrative of the present invention but not limidng. 
Numemus variations and modifications may be effected without departing from the true spirit 
and scope of the invention. 
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«*«i»lh the fh« dose b a deaensiteira <to» ad^^^^^ 

whsrefn the vfms is: an f^A Vim.; a vaodnfai 

Adenoviruses. Paivovfruses Pall? "^"^^ ^ 

wwvinjses. Papovaviruaes, and iridovinjsea. 

PFU/h»«. "wosequeni dose ts at feast d.e x i o" 
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'^Koa«ion.««petent«te;,irivtr«i. '^^'^ of, 

12.A moihod as in cTtfm 10 wherein said disease is caused . of« \^ 
from the smup con^ «, hepafifis b vi^ r^JZ^ t "'^1**'^ 
imnainodefidencyvlrt*. ^ C virus, or human 

1 3^ .T^thod a. in daim 10 whemir. said vi„« a Pa«my«vf 

14. A method S8 In efain, ifiwba,ein«W vims fe selected lra« «. 
"«5»tln9 of a Rhabdovirus. Tocaviow Fi t ^ """" 
Corenavifus. ^'^^ "f*'i™s. Wcomaviius, and 

15. A method as in Claim. JILwhe«rtn eahj 

A£W«m«-«fi •'*'~^lfrO"'«f«0'X>up«»nsistlngof 
es. P^vovinises. P.pcvavi„«,,, f^^,^ 

16^me:nodaf,^ectinganeOp.a^ 

screen.nflsaldneopies«*.pmteln,orMn«encodh,pn«el„.«^^ 
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or said 



««"P<«t chemotheiapeutic soeiri hrf«*:7r ooowilnai 
vlnjs. Of afteracfirthfelrailon 



PP~«»mi«fc,*. during or afteradminlsteiton of saM vi«s. 
«n, Z7 wherew sari oortlbostereid Is dexamrthasohe. 
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□ CCD922-sk 



■+ 
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20 200 
IPN (U/ml) 



2000 
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FiOJ 

Effect of IFN on CCD Ceils 



5 
4.5 
4 

f ^ 

1 2.5 

I ^ 
0.5 



0.OunH»/in| 
S 2 units/ml 
□ 20 units/ml 
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